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ABSTRACT 
Whilst the rewards of being a successful spin bowler are great, it is a highly complex and 
demanding skill, with players only thought to reach their peak in their thirties. Given 
Australia’s focus on finding the “next Shane Warne”, there is considerable interest as to the 
most effective ways of accelerating young spinners’ development. Traditional coaching 
approaches in cricket have focused on the explicit instruction of the “ideal” technical 
execution of the individual skill components. A more contemporary method is the 
constraints-led approach that relies on the manipulation of key task constraints to allow the 
emergence of individual solutions through self-organising processes in learning. This study 
aimed to compare the efficacy of each approach in developing a key component of spin 
bowling performance, namely spin rate (i.e., how much spin is imparted on the ball). 22 
bowlers from a Junior Academy (n=13) or State Under-Age Representative skill level (n=9) 
were recruited. Participants engaged in a four-week training intervention, practicing via 
traditional or constraint-led coaching twice a week for one hour. Spin rate was measured 
before and after the intervention. Results showed that both approaches led to improvements, 
with the constraints-led approach being more effective overall, but especially for 
younger/less skilled spinners. A traditional approach, however, was shown to improve spin 
rate in more skilled bowlers. These results are discussed with reference to Ecological 
Dynamics and Non-Linear Pedagogy, and practical implications are proposed. 
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CHAPTER 1: INTRODUCTION 
This chapter outlines the background (Section 1.0) and context (Section 2.0) of the 
research undertaken, and its purposes (Section 3.0). Section 4.0 identifies the significance and 
scope of this research, and includes definitions of terms to be used in the research. Finally, 
Section 5.0 includes an outline of the following chapters of the thesis. 
1.0 Background 
In the game of cricket, bowlers use different methods in order to dismiss the batter. While 
fast bowlers bowl at speeds upwards of 30m.s
-1
 to limit the batter’s time to react, spin 
bowlers bowl at slower speeds of around 20-25m.s
-1
, and try to deceive batters with subtle 
changes in flight and spin (Renshaw & Fairweather, 2000). By imparting spin on the ball, 
bowlers are able to use the Magnus Effect (Daish, 1972) to create different flight trajectories 
to make the ball appear to dip, swerve, float, or otherwise deviate from the expected 
trajectory, as well as making the ball react differently on landing - to spin sideways, skid on 
(stay lower), or bounce higher (Renshaw & Fairweather, 2000). While the rewards of being 
an expert spin bowler are great, it is a highly complex and demanding skill and mastering the 
art is seen as requiring significant commitment, with players only thought to reach their peak 
in their thirties (Illingworth, 1979). As such, and given the dearth of top quality spin bowlers 
in Australia since the retirement of Shane Warne (at time of writing, Australia has selected 13 
different spin bowlers in the 94 Test matches played since Warne’s retirement), there is great 
interest in finding ways to speed up the learning process. Renowned experts such as Philpott 
(1995) have put forward the view that the most important factor underpinning success is to 
make sure that spin bowlers are ‘really spinning the ball hard’ (p.12). When this occurs, then 
and only then, should a bowler be concerned about developing consistency in landing the ball 
in the right place. Emphasis is also placed on spinning the stock ball (the delivery type that 
the bowler delivers for the majority of the time) really hard in order to “master” it before 
moving onto variations (Woolmer, Noakes, & Moffett, 2008). A bowler will use their “stock” 
delivery more than any other type, and attempt to land balls consistently on the appropriate 
spot on the pitch while varying speed and trajectory in an attempt to deceive the batter into 
making an error. Developing accuracy is therefore a second phase goal once the bowler has 
acquired the ability to spin the ball hard.  
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2.0 Context 
The coaching of spin bowlers has typically followed traditional coaching methods with the 
aim of developing an optimal movement mode, via explicit instruction and feedback provided 
by coaches, allied to repetitive practice (Pont, 2010). In contrast, contemporary skill 
acquisition scientists have introduced an alternative approach - the constraints-led approach 
(Davids, Button, & Bennett, 2008). A constraints-led approach is a more individualised 
approach underpinned by a Non-Linear Pedagogy, based on the ideas and principles of 
Dynamical Systems Theory (see Literature Review). Constraints-led coaching is, therefore, a 
more athlete-centred approach where optimal movement solutions are individually 
determined based on self-organisation under constraints.  As such, for the cricket coaching 
community, there is interest in identifying if this ‘new’ approach is more effective than the 
traditional approach in learning tasks such as spin bowling. 
3.0 Purposes 
Whilst there have been a number of studies describing how cricket coaches can utilise the 
constraints-led approach (e.g., Renshaw, Chow, Davids, & Hammond, 2010; Renshaw, 
Davids & Savelsbergh, 2010; Renshaw & Holder, 2010), so far no empirical studies have 
investigated its usefulness in enhancing the skills of emerging spin bowlers. As such, the aim 
of this study is to compare the effectiveness of traditional coaching and constraints-led 
approaches in the development of young spin bowlers at different stages of the pathway to 
excellence. Specifically, the focus will be on which approach can help young spinners 
improve their spin rates; that is, which approach will enable them to spin the ball harder. A 
second aim of this study is to assess whether these two coaching approaches can influence the 
consistency with which the bowler lands their “stock” or most “regular” delivery (see 4.0).  
4.0 Significance, Scope, and Definitions 
Taking into account the issues discussed above, this study aims to explore the 
effectiveness of two specific training approaches - that is, constraints-led and traditional 
coaching methodologies - in increasing the amount of spin bowlers are able to impart on the 
ball. Spin rate will be assessed before and after a training intervention. Participants from 
talent development programmes will be randomly allocated to one of the two coaching 
methods to test the efficacy of the two training interventions on a specific aspect of spin 
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bowling performance - spin rate. It is hypothesised that adopting a constraints-led approach 
where the focus will be facilitation of exploratory, self-organising processes will enable 
individual bowlers to find the most effective individual solution for them and will lead to 
greater improvements in RPM generation than in the traditional approach which focuses on 
acquiring a pre-determined “ideal” or “optimal” movement model, which is sometimes based 
upon a champion’s movement pattern (Newell, 1991). A secondary hypothesis is that the 
‘better’ or ‘older’ players who are representing their state at an under-age (U-17/U-19) level 
will spin the ball harder than junior academy players. It should be noted that this research 
program took place in a ‘real-world’ coaching scenario and therefore complete experimental 
control was not always possible. For example, despite the coach being engaged in the 
research process and being aware of the goals and methods, it was not possible to completely 
control his actions and, as the person “in charge”, he was at liberty to change what he wanted 
from session to session to best suit the entire group of players, not just the spin bowlers. For 
example, during one session he instructed the batters to be more aggressive in order to 
prepare for a shorter format match, which may or may not have affected the way the bowlers 
performed; however, no actions from the coach compromised the research methodology.  
5.0 Thesis Outline 
Chapter 2 will initially review the existing literature which forms the basis of this research. 
Specifically, it will look at Dynamical Systems Theory, Non-Linear Pedagogy, and the 
Constraints-Led Approach to coaching, which is based upon the key theoretical principles of 
these theories, before presenting examples of how this approach has been researched 
previously. The chapter will then examine the contrasting traditional skill acquisition theories 
and how they are applied to sports coaching in general, and also specifically in cricket. The 
current literature regarding spin bowling and the coaching of spin bowling, along with the 
biomechanical implications of the different bowling styles, will then be undertaken. The 
chapter will conclude by highlighting current gaps in the literature, and present the aims and 
hypotheses of this thesis. 
Chapter 3 will show the methodologies implemented in this research, including an 
overview of the participants, an outline of the research design, and description of the 
statistical tests performed to analyse the data. 
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Chapter 4 will present the findings of the paper. Results will be presented on the groups, 
the different skill levels, and, in line with the tenets of the constraints-led approach, 
individual levels. 
Chapter 5 will discuss the findings including interpretations of the results, which will 
detail the major findings of the research, evaluate these results based on the literature which 
was reviewed in Chapter 2, outline the practical implications of these findings, and detail the 
limitations of the study. 
Chapter 6 will suggest future research opportunities to build on this study, and conclude 
by summarising the key findings of the study. 
  
 16 
Spin it to win it: a comparison of constraints-led versus traditional coaching approaches 16 
CHAPTER 2: LITERATURE REVIEW 
This chapter reviews literature on the following topics: Ecological Dynamics (Section 
1.0), a contemporary concept in the understanding of sporting performance and skill 
acquisition; Dynamical Systems Theory, the key sub-section of Ecological Dynamics in this 
thesis (Section 2.0); and the coaching method developed through this theory, Constraints-Led 
Approach (Section 3.0). Non-Linear Pedagogy, the application of Ecological Dynamics 
concepts to coaching in sport, is discussed in Section 4.0, before the definition of skill from 
an Ecological Dynamics perspective (Section 5.0) and examples of the Constraints-Led 
Approach in practice (Section 6.0) are presented. Traditional skill acquisition theories are 
highlighted in Section 7.0, along with traditionally-used coaching methods, in Section 8.0, 
and a traditional definition of skill is discussed in Section 9.0. Section 10.0 discusses the 
current literature on Spin Bowling, and Section 11.0 identifies gaps in the existing literature. 
Finally, Section 12.0 summarises the chapter and presents the three hypotheses which this 
study aims to examine. It is acknowledged here that this Review is not all-encompassing, but 
rather a concise, focused examination of the literature within the motor learning area that is 
relevant to this study and the theoretical concepts which underpin the design of the training 
intervention. 
1.0 Ecological Dynamics 
Ecological Dynamics is based on the fusion of Ecological Psychology and Dynamical 
Systems Theory (Araújo, Davids, & Hristovski, 2006; Vilar, Araújo, Davids, & Button, 
2012). Ecological Dynamics suggests that a performer’s decisions occur spontaneously due to 
non-linear interaction with the system’s components (Balague, Hristovski, & Vasquez, 2008), 
and states that the coupling of perception and action during training is necessary to develop 
the skills required to successfully perform in competition or match conditions. It is founded 
on the mutuality and reciprocity of neurobiological systems (such as humans) and the 
environment (Chow et al., 2011), and has recently been applied to various sport and learning 
contexts as it recognises the “degeneracy”, or adaptive flexibility in achieving success, of 
neurobiological systems (such as athletes) (Handford, Davids, Bennett, & Button, 1997; 
Araújo et al, 2006; Araújo et al., 2009; Renshaw, Davids, Shuttleworth, & Chow, 2009; Vilar 
et al., 2012). A constraints-led approach to coaching is primarily founded in the principles of 
Dynamic Systems Theory, which will now be discussed. 
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2.0 Dynamical Systems Theory 
Dynamical Systems Theory (DST), “conceptualises the human body as a highly complex, 
non-linear neurobiological system” (Glazier, 2011, p 161). Glazier’s paper highlights that 
human performance is not based on the metrics of anthropometric concepts such as height, 
weight, or co-ordination (in-line with the principles of ecological psychology of Gibson 
(1979)), but instead is a result of an ongoing self-organisation process between individuals 
and their environments to adapt to the constraints in order to develop stable but flexible 
movement patterns (Glazier, 2011). Further to this, Newell, Broderick, Deutsch, and Slifken 
(2003) emphasise that complex dynamical systems, such as humans, must be able to exploit 
their available degrees of freedom in order to achieve functional, successful performance. For 
example, a young spin bowler must learn to co-ordinate their legs, trunk, arms, hands and 
fingers to develop a co-ordinative structure to accurately spin a cricket ball, whilst expert 
cricket wrist-spin bowlers are able to exploit the anatomy of the wrist to release ball 
deliveries at different wrist angles to create different spin types (i.e., balls that have topspin, 
clockwise side spin, anti-clockwise side spin, or backspin).  
DST suggests humans are complex and nonlinear systems (Thelen & Smith, 2007), and is 
built upon mathematical principles which describe how a system’s order is predicated on the 
recognition of the vast number of organisational options into which the system can evolve 
(Levin, 1995). In neurobiological systems these are presented as movement patterns 
(Handford et al., 1997). The ensuing organisational state which the system adopts, one which 
is stable, functional, and efficient, is referred to as an attractor state (Kugler & Turvey, 1987). 
The system can be seen to vary its stability as it investigates the available organisational 
possibilities in the pursuit of a stable pattern, and as a result of adapting to the individual, 
task, and environmental constraints (Warren, 2006; Davids, Glazier, Araújo, & Bartlett, 
2003).  A key idea here is that changes in constraints will lead to instabilities in attractor 
patterns and lead to phase transitions and the emergence of new attractors. This has important 
consequences for coaches who wish to adopt a nonlinear pedagogy and will be discussed in 
section 3.0. Additionally, the stage of learning (Newell, 1985) of an individual needs to be 
considered by coaches as it impacts on their ability to co-ordinate body parts to achieve task 
goals. For example, a novice spin bowler will be attempting to develop a basic co-ordinative 
structure whereas an international-level spin bowler will be exploiting his/her degrees of 
freedom to adapt co-ordination patterns to different environmental and task constraints (i.e., 
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pitch surfaces, state of the game, strengths and weaknesses of opposing batters). The stages 
of learning model will be discussed in section 5.0. 
2.1 Self-Organisation 
The ability of dynamic systems to self-organise (Davids, Button et al., 2007) to create 
stable behaviour patterns is exhibited by all complex systems within nature, including schools 
of fish and neurobiological systems such as humans (Handford et al., 1997). Self-organisation 
is the adjustment of behaviour in response to the relationship between the performer and the 
interacting individual, task, and environmental variables (Passos, Araújo, & Davids., 2013), 
as the system transitions from one organisational state to another to maintain stable 
behaviours (Davids et al., 2003). Self-organisation can occur due to small changes in the 
constraints of the environment or within the individual leading to large variations in 
performance as the performer adjusts to these changes, such is the inter-connectedness of the 
system (McGarry et al., 2002; Renshaw et al., 2010). These variations in performance occur 
as the system frees and freezes its degrees of freedom, as the system attempts to find a 
successful, efficient, and stable movement pattern to successfully respond to the new set of 
constraints (Renshaw et al., 2010). Sport performance has been modelled by a number of 
researchers as an example of a self-organising system. For example, McGarry and colleagues 
in 2002, and Passos and colleagues, in 2013, utilised the task vehicles of squash and 
association football to demonstrate how organisation patterns within these sports were similar 
to those frequently demonstrated by dynamical systems in nature. Specifically, stable patterns 
in the inter-personal couplings between performers were observed until a perturbation, such 
as a miss-hit stroke or a particularly well-placed stroke in the squash example, or a loss of 
possession in soccer, caused a period of instability. This instability was ended either by the 
regaining of a stable state (i.e., reverting back to the previous pattern of play) or the 
termination of the rally in squash or the possession phase in soccer (McGarry et al., 2002; 
Passos et al., 2013).  
Considering sports performance as a dynamic system, allows practitioners to look at 
learning a little differently. In this approach, learning can be characterised as the system 
undergoing a phase transition, from one stable state to another, in order to successfully 
respond to the interacting constraints encountered during the performance (Handford et al., 
1997). This process is driven by the system varying its performance in order to find new 
stable states, and therefore movement variability, which occurs as a result of the system 
exploring different options, should be seen as a natural process of skill acquisition (Handford 
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et al., 1997). This predicates the necessity of skill acquisition training programs being 
designed in such a way as to guide behaviour and allow for movement variability in order to 
explore movement patterns, rather than the learner passively receiving information (Davids et 
al., 2013). A consequence of basing learning design on the concept of self-organisation is that 
coaches should design learning environments in which performers direct their own learning 
through exploring various information-movement couplings to discover the movement which 
best achieves success in response to the interacting constraints (Constraints will be discussed 
in Section 3.0).  
2.2 Attractors 
Self-organisation occurs when the system arranges specific components in such a way so 
as to promote a particular function (De Wolf & Holvoet, 2005). This process confines the 
behaviour to a smaller proportion of its state space, and this smaller component is known as 
an attractor (De Wolf & Holvoet, 2005). An attractor is “the state towards which the system 
converges over time” (Camazine et al., 2003, p. 32), which is necessary to facilitate the 
emergence of stable, functional behaviours (De Wolf & Holvoet, 2005). In order to find 
stability, the performer will vary their performance until a successful, reliable, and functional 
pattern is found, and this variability is crucial to finding effective movement patterns. It is 
impossible for the system to find attractors if it remains in the one place, rather than moving 
widely through its state space (Heylighen, 2001), which in a sporting context, means the 
performer must vary their performance in order to find and use new attractors. The 
emergence of stable movement patterns is governed by the availability, and subsequent use, 
of information in the performer’s environment, which the performer uses to self-organise 
themselves (Kugler & Turvey, 1987). Non-linear systems, such as humans, are said to 
generally have several attractors, and will be pushed towards one attractor or another by a 
chance variation in the environment or task (Heylighen, 2001). Attractors present in the 
performer’s environment, vary in strength and availability over different time scales and 
tasks. The first option which the performer can select can be considered the strongest 
attractor, and can be conceived in terms of an affordance (Araujo, Davids, & Hristovski, 
2006). If the performer has previous experience with the task, there will already be some 
affordances available and familiar to the performer, which will result in the performer being 
able to more readily identify those attractors which are likely to lead to a successful execution 
of the movement. For example, if a cricket batter has faced the same bowler before, they may 
be able to predict when the bowler is about to bowl a full-length delivery due to the unique 
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informational sources which the bowler provides when bowling this type of delivery. 
Therefore, the selected option is an affordance which can lead the performer towards an 
attractor and subsequent stable state (Araujo et al., 2006). Once this process has been 
completed, and the performer has achieved a stable movement pattern, a significant force is 
required to destabilise the co-ordinated, functional system (Davids et al., 2008); however, due 
to the dynamically changing environment in which the performer acts, they are rarely in one 
stable pattern for any length of time. Kelso (1995) proposed the term “metastability” to 
define the dynamic, functional states of organisation that the performer adopts for short 
periods of time in response to the dynamically changing environment. This metastability 
opens up the system to be influenced by the task and environmental constraints existing in the 
performance situation (Kelso 1995). This openness is caused by the partially-coordinated 
relationship, where the components are never completely independent nor completely linked 
in a stable pattern that occurs within the system during periods of metastability (Passos et al, 
2009). This metastable state is vital to the system, as it allows effective performance to 
emerge during periods of partial organisation (Bressler & Kelso, 2001). In other words, a 
system with no order cannot perform effectively, yet a system with too much order can also 
fail to effectively perform in response to the changing task constraints (De Wolf & Holvoet, 
2005).  
2.3 Phase Transitions 
In dynamic sporting environments, the performer is required to constantly adjust their 
behaviour in response to changing constraints and environmental information in order to 
maintain stable effective movement patterns. When the performer moves from one organised 
movement pattern to another stable pattern, this is known as a phase transition (Davids et al., 
2006). One example of a phase transition which has been studied is batting performance in 
cricket, and the role meta-stability plays in the successful interception of a quickly-moving 
object (Pinder, Davids, & Renshaw, 2012). The batter’s meta-stable position allows for the 
spontaneous emergence of successful movement organisation and response selections 
(Pinder, Davids, & Renshaw, 2012). In a study investigating the interceptive behaviours of 
cricket batters when facing a fast bowler, Pinder and colleagues (2012) showed that the 
batters produced successful interceptions with high levels of movement variability and a wide 
array of performance outcomes. This suggests that performers can adjust stable movement 
patterns to dynamically adapt to maintain successful responses, by utilising the variability 
caused by instability to make successful decisions and produce effective movements.  
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These ideas have some important implications for learning. Adopting repetitive, blocked 
practice of skills may lead to too much stability in the system and limit the performer’s ability 
to dynamically destabilise the system and ignoring other movement possibilities, which may 
lead to unsuccessful performance if the opponent, such as the bowler, counteracts the highly 
stable patterns (Pinder et al., 2012). Therefore, variable practice promotes meta-stability. In a 
cricket match (as opposed to practice), a stable state for bowler and batter is for the 
bowler/captain and batter to be “in joint control” of the relationship – that is, both batter and 
bowler/captain are happy with the present status of the system (the bowler is prepared to 
concede four runs an over and the batters are willing to score them). If either party does not 
agree with the current system stability, they will act to try to change it. A batter will vary his 
or her performance when facing a bowler in order to destabilise the bowler and therefore gain 
control of the dyadic relationship. A batter may begin to play more aggressive shots or vary 
the distance they are from the bowler, for example, in order to gain control of the 
relationship. This aggression forces the bowler and captain to adapt to regain control and 
dismiss the batter or change the field to restrict the number of runs he or she is scoring, 
depending on the game situation. 
------- 
The theoretical concepts discussed thus far form the basis of a contemporary coaching 
method known as a Constraints-Led Approach, which will now be discussed. 
3.0 Constraints-Led Approach to Coaching 
A key concept within an ecological dynamics approach to skill acquisition, and a major 
point of discussion throughout this study, is the interaction between organismic, task, and 
environmental constraints during the acquisition of skill in sport (see Figure 1) (Newell, 
1986).  
 
 
 
 
 
 
  
Individual 
Environmental Task 
Figure 1. The interacting constraints in the Constraints-Led Approach 
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A constraints-led approach is founded on the principles of Dynamic Systems Theory and 
self-organisation (see Sections 2.0 and 2.1), and requires the performer to make movements 
and decisions based on these three constraints, by placing the performer at the centre of the 
learning process (Renshaw et al., 2010). Organismic (Individual) constraints include elements 
such as height, weight, fitness, co-ordination, and strength, and are specific to the individual 
performer (Renshaw et al., 2010). Environmental constraints include aspects like the weather, 
socio-cultural influences, and playing surface, within which the performance is taking place 
(Issartel, Marin, & Cadopi, 2007). Finally, Task constraints include factors such as game 
rules, pitch size, available time in which to complete the objective, team numbers, and 
playing equipment (Pill, 2013), and are the components of the task which can be manipulated 
whilst not altering the basic way in which the sport is played (Cohen & Pill, 2010), or 
“secondary constraints”. These constraints, when manipulated, require the performer to 
establish new movement patterns, whilst maintaining the unique character of the sport 
(Davids et al, 2008). Task constraints are the most important to coaches as they can be used 
to shape learning (Chow et al., 2007), and are the easiest of the three constraints to 
manipulate, to facilitate the development of efficient, successful movement patterns 
(Renshaw et al., 2010).  
Coaches and teachers can manipulate the task constraints imposed on the learner in order 
to influence the self-organisation process (Handford et al., 1997), and eliminate all but the 
most functional movement possibilities within the environment (Newell, 1986). As should be 
clear from the previous discussions, the self-organisation process does not occur on its own; 
rather, it is driven through the manipulation of constraints (Glazier & Robins, 2013). Through 
the manipulation of constraints, most often task constraints, coaches can deliberately 
destabilise the learner and require them to re-organise their degrees of freedom in order to 
form a new stable movement pattern, leading to the acquiring of new and/or different skills. 
Renshaw and colleagues (2009) used the example of two crash mats placed in parallel, to 
constrain a gymnast during a cartwheel performance. By requiring the gymnast to perform 
the cartwheel between the two crash mats, the performer is learning the necessity of 
maintaining a straight-line body position during this skill, and not allowing the legs to touch 
the mats. In a cricket context, the addition of a hurdle or stepper which the bowler must jump 
over just prior to the initiation of the delivery phase promotes the jump height which the 
bowler requires to deliver the ball from a high position, a crucial skill in spin bowling, 
particularly for finger spinners (Chin et al., 2009). In general, this approach eliminates the 
need for prescriptive verbal instructions, and therefore demands that the performer forms 
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their own solution and produce a unique movement pattern that satisfies the constraints. This 
highlights the fact that self-organisation does not occur on its own; rather, it is driven through 
the manipulation of constraints. 
The manipulation of task constraints requires the learner to focus on these “new” 
constraints, rather than the internal processes of performing the skill, in order to appropriately 
respond. This external focus of attention has been shown to be effective in the development 
of sporting skills, when compared to focusing internally (Wulf, 2013). Studies using discus 
(Zarghami, Saemi, & Fathi, 2012), throwing (Wulf & Lewthwaite, 2010; Chiviacowsky, 
Wulf, & Avila, 2012; McKay & Wulf, 2012), swimming (Freudenheim et al., 2010), and golf 
putting (Shafizadeh, McMorris, & Sproule, 2011; Land, 2012), have discovered that an 
external focus of attention can improve skills such as throwing distance (Zarghami et al., 
2012), accuracy (Wulf & Lewthwaite, 2010; Chiviacowsky, Wulf, & Avila, 2012), and 
overall performance (McKay & Wulf, 2012). An external focus can also delay the onset of 
fatigue by improving movement efficiency and coordination (Wulf & Lewthwaite, 2010; 
Wulf, 2013) and decrease the effects of pressure and stress on the skill by promoting 
automaticity (Wulf, McNevin, & Shea, 2001). 
Adopting a Non-Linear Pedagogy (see Section 4.0) approach to coaching, however, does 
not mean coaches never provide verbal instruction or feedback. Rather, information provided 
by coaches acts as a constraint on self-organising actions of learners. For example, if a cricket 
coach instructed a spin bowler to bowl accurately, it may result in them spinning the ball less 
hard to achieve this goal. Conversely, when instructed to spin the ball as hard as possible, 
such as in this study, the bowler may forego accuracy in the pursuit of this goal. These 
examples are similar to the speed-accuracy trade-off problem which is described by Fitts’ 
Law (Fitts, 1954, as cited in Zhai, Kong, & Ren, 2004), which states a person will decrease 
their movement speed to increase their accuracy when moving towards a target. Instructions, 
therefore, can be viewed as task constraints, and when giving instructional constraints to 
learners, coaches should set the broadest of goals, in order to facilitate exploration of the 
various movement possibilities available to the learner as a result of the interacting 
constraints; “tell them what to do, not how to do it” (Renshaw & Chappell, 2010).  
 As highlighted earlier, the constraints-led approach is underpinned by Ecological 
Dynamics, which states that a skill acquisition program should focus on each individual’s 
development, and should not be one generic, one-size-fits-all training program (Davids et al., 
2013). There is no “ideal” movement template due to the unique movement solutions which 
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each performer forms as a result of the interaction between individual, task, and environment 
constraints (Seifert, Button, & Davids, 2013).  
4.0 Non-Linear Pedagogy 
Application of the ideas and concepts of Ecological Dynamics have led to the emergence 
of a non-linear pedagogy (Renshaw et al., 2009; Chow et al., 2006). Non-linear pedagogy 
provides the framework to support learning in environments closely mimicking a competitive 
environment (Chow, 2010), in order to exploit a human’s natural non-linearity. It can be 
presented as a framework, therefore, for coaching practices as it portrays how performer-
environment interactions lead to movement variability and self-organisation (Chow et al., 
2006; Renshaw et al., 2009), and this approach demonstrates how non-linear dynamical 
systems, such as humans, show an openness to environmental information flows, adapt 
movements to the dynamic environment, and waver between stable and instable movement 
patterns as the constraints change (Renshaw et al., 2009). These constraints channel the skill 
acquisition and decision-making process by requiring the learner to form unique movement 
patterns in order to succeed (Renshaw et al., 2010), and therefore promotes active learning by 
giving control of learning to the learner via a “hands-off” approach by teachers/coaches 
(Renshaw et al., 2009; Renshaw et al., 2010). This performer-centred approach provides an 
environment in which every individual can find their own unique movement pattern in order 
to succeed via self-exploration and self-organisation (Davids et al., 2008), and movement 
variability during this training should not be seen as poor performance, but rather a necessary 
exploration by the performer in order to create a stable, effective movement pattern (Renshaw 
et al., 2010). Learning settings which are representative of the environment in which the skill 
is to be used can aid the motor learning process (Renshaw et al., 2009). For example, because 
self-organisation processes emerge as a result of the dynamics of open systems (Araújo, 
2013), changing the constraints under which the performer performs leads to unstable 
movement patterns, causing the performer to re-organise their movements in order to achieve 
a stable pattern (Renshaw, 2009). In practice and in designing research tasks it is therefore 
essential that coaches and scientists design learning tasks that allow the information-
movement couplings to exist (Davids et al., 2001). 
 The implementation of a non-linear pedagogical approach to coaching requires the 
knowledge and utilisation of several techniques, as predicated by the theoretical concepts of 
Ecological Dynamics. It is vital that the practice environment is representative of the 
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competitive environment, by including the same key informational sources, affordances, and 
facilitate the emergence of appropriate attractors to allow the performers to develop skills 
which are transferrable to the competitive environment (e.g., Renshaw, Oldham, Davids, & 
Golds, 2007; Pinder, Renshaw, Davids, & Kerherve, 2011; Pinder,  Davids, Renshaw, & 
Araújo, 2011). The coach, through appropriate design of the practice session and 
environment, adopts a largely “hands-off” approach during the coaching session, to allow the 
learner/s to direct their own learning processes and skill development through movement 
variability and exploration. By withdrawing from providing prescriptive task instruction 
during the learning process and only setting learners the broadest of goals (Renshaw, Oldham 
& Bawden, 2012) coaches oblige the learner to develop their own movement solutions in 
response to the interacting constraints (Renshaw et al., 2010). Coaches, however, are not 
absent during the learning process, despite the lack of verbal instruction once the learning 
session has commenced. The coach’s role becomes one of observation, and he/she is required 
to ensure the learning opportunities are both relevant and available for each learner during the 
session. Even though the coach is often minimally involved with regards to the instruction of 
skills during the learning process, by providing feedback to the learner/s, the coach can still 
play a role in facilitating skill acquisition (Davids et al., 2008). For example, in a study 
investigating the learning of serving faster in tennis, the researchers showed that providing 
knowledge of the previous serve’s speed was beneficial to the learners and enhanced the 
learning process (Moran, Murphy, & Marshall, 2012). Similarly, research has also shown that 
feedback which is externally-focused (on the outcome of the task), rather than internally-
focused (on the body’s movements during the task), is effective during skill learning (Wulf, 
Mcconnell, Gartner, & Schwarz, 2002). 
4.1 Non-Linear Pedagogy Application to Skill Development 
The application of non-linear pedagogy to the teaching of skills, through the use of a 
constraints-led approach, places the learner at the centre of the learning process, and 
decreases the coach’s explicit input into the learning. This allows the learner to identify and 
exploit the interacting environmental and task constraints in order to construct a successful, 
reliable motor solution. With no external input from a coach, the learner must drive their own 
learning, and this sub-conscious method of learning has been shown to generate greater skill 
development, compared to coaching approaches which heavily involve explicit feedback and 
instruction (Renshaw & Holder, 2010). Bernstein (1967) suggested these new movement 
patterns are organised at a sub-conscious level by the learner, which leads to greater 
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development and execution. An environment which compels the learner to learn 
subconsciously can be driven by a constraints-led approach. The approach constructs an 
environment with key informational sources which require the learner to focus on the 
outcome, rather than the process, of the skill, and directs the focus away from the actual 
learning process.  
5.0 Defining Skill from a Constraints-Led Perspective 
As highlighted earlier, when designing learning it is important to identify the needs of the 
performer, as a learning environment and/or objective which does not meet the learner’s skill 
level (i.e., too easy or too difficult) will prove to be ineffective in the development of the 
desired skill. Within a skill acquisition context, identifying the stage of learning of a learner 
is one way to do this. A performer can be said to be at one of three levels of skill learning – 
Coordination; Control; or Skill (Newell, 1986). At a Coordination level, the performer is 
attempting to establish functional relationships among the key components of the system, in 
order to create effective movement patterns (Davids et al., 2008). The learner will explore the 
environment and widely vary their performance as they explore to seek these stable 
behaviours. In this stage of learning, stable movements may appear and disappear suddenly 
as the learner explores. Through practice and exploration, the learner will progressively 
compose a reasonably successful, reliable movement pattern through the development of 
synergies, as the attractor becomes more stable (Davids et al., 2008). When learning a new 
skill, completely new attractor states may develop in the learner, causing sudden changes 
between movement patterns as a result of the emergence of multistability via the increased 
number of stable states available to the performer (Zanone & Kelso, 1994; Kelso, 2012). 
Learners who are in this Coordination phase of learning can be seen to abruptly jump, skip, or 
regress in performance as they attempt to reorganise their degrees of freedom in the search 
for effective performance responses. An example of this stage would be a young/novice 
cricket bowler attempting to create a reliable delivery pattern. This bowler may change the 
speed, distance, and/or angle of run-up, the position of their feet or body during the delivery 
phase, and/or where they aim. Performance would be seen to vary from trial to trial, and a 
successful trial is likely to be followed by an unsuccessful one, as the bowler attempts to 
replicate the pattern which resulted in the success and become comfortable/confident with the 
process. 
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Once basic coordination patterns have been established between the system’s components 
and an effective behaviour is found, the learner can then begin to create a tighter coupling 
between the movement and the performance environment, as they move into the Control 
stage. This coupling is essential for the successful performance of the movement, as the 
learner must dynamically adjust the movement to satisfy the environmental constraints in 
order to succeed. This is achieved by the performer exploring the established movement and 
varying important components in response to the environment. An example of this would be 
a cricket spin bowler varying the amount of spin they put on the ball in response to the 
receptiveness of the pitch to spin, in order to discover the ideal spin rate for that specific 
pitch. As movement is inherently variable, this exploration is relatively easy to achieve over 
repeated practice attempts. Practice is essential to allow the performer to explore ways to 
improve the behaviour’s effectiveness under differing constraints. As the performer is 
exposed to different environmental and task constraints, they acquire perceptual feedback 
which calibrates the movement pattern until the learner achieves success in response to the 
constraints (Fitch, Tuller, & Turvey, 1982). The exploratory process relies on the flexibility 
of the existing movement patterns to be progressively released and reform into slightly 
different patterns with practice. The Control stage is thus characterised by the re-arrangement 
of the system’s degrees of freedom through a type of fine tuning to allow the existing 
movements to become more adaptive to different environmental or task constraints. In this 
stage, learners begin to create metastable patterns, to allow opportunities for the system to 
dynamically alternate between coordinative patterns, and therefore manage sudden changes 
in environmental or task constraints whilst maintaining performance. Using the cricket 
bowler example from the previous stage, this stage would be characterised by the bowler 
consistently replicating their delivery pattern and achieving success for the vast majority of 
trials. The bowler now begins to learn, through experimentation and previous experiences, 
how different performance environments require different delivery types, and how to exploit 
the environment to further their success. The bowler learns which sub-components of the skill 
(such as the run-up or release point) can be varied, and why, to exploit the environment; for 
example, spinning the ball harder on a less-responsive pitch, or adjusting the landing position 
of the ball in order to induce a specific shot from the batter, perhaps due to a known 
weakness of the batter or where the fielders are positioned. It is possible that the bowler has 
already encountered these variations during their exploratory phase during the Coordination 
stage, and now learns how they can be used to achieve further success. 
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In Newell’s model, the final stage of learning is Skill, and refers to the optimised 
movement patterns of the performer which are flexible enough to exploit differing 
environmental and task constraints. Performers in this stage have greater control over the 
efficient, reliable behaviours, and can adjust the movement’s forces to maintain efficiency 
and flexibility. Performers in the Skill stage can manipulate the force, duration, and/or 
magnitude of the movement in order to achieve success and maintain an optimal pattern, 
which is crucial to the movement’s efficiency and repeatability. At this stage, degrees of 
freedom are released to further stabilise the movement patterns, which creates increased 
controllable variables which can be manipulated by the performer to adjust performance 
(Bernstein, 1967). Performers are still learning at this stage; however, they are now able to 
exploit the environment and search for creative adaptations to unique task and environmental 
constraints, rather than searching for a stable movement pattern (Davids et al., 2008). In this 
stage, the cricket bowler has learnt how to vary their movement pattern in order to adapt to 
the various environments he or she may encounter in competition, such as different pitch 
types, the magnitude/direction of the wind, and the state of play. 
Thus, the performer moves through these stages of learning as their movement patterns 
become more reliable, consistent, and successful, which occurs as they master the redundant 
degrees of freedom of the system (Bernstein, 1967). The goal of skill acquisition can be said 
to be the optimisation of the movement pattern (Newell, 1985) and therefore the stages of 
development relate to the movement optimisation the performer displays during the task 
(Newell, 1985). The optimisation of a performer’s movement pattern can pertain to either 
improved movement efficiency, or minimisation (e.g., Hardt, 1978), or improved success, or 
maximisation (e.g., Lampsa, 1978), and thus the optimisation of a movement is dependent on 
the criterion against which the task is being measured (Newell, 1986). This optimisation 
occurs as a result of the performer’s unique interactions with the environmental and task 
constraints, which consequently requires the development of individually-specific behaviours 
rather than a general solution prescription (Newell, 1986), and can provide opportunities for 
coaches to guide learning through the manipulation of these constraints. Adapting the 
constraints for the performer will destabilise the performer, requiring self-organisation 
processes (see section 2.1) to unfold in order to achieve new, stable patterns. When this 
destabilisation process occurs, it is not uncommon for a learner to fluctuate between 
development stages, as they freeze and free their degrees of freedom to obtain a successful 
movement pattern. For example, when a spin bowler practices to improve the consistency of 
the landing position of their "stock" delivery, it is common for the bowler to decrease their 
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spin rate in an attempt to quickly achieve more consistency. Once consistency is initially 
achieved, the bowler then attempts to maintain this stability whilst increasing their spin rate 
to their "normal" levels. 
6.0 Examples of the Constraints-Led Approach in Practice 
For many years, the traditional approach to coaching, focusing on the explicit teaching of 
skills by coaches, was the popular way to coach emerging sporting performers. Recently, 
however, more research has begun investigating a constraints-led approach to coaching, 
revolving around implicit coaching with the performer directing the learning process. This 
section will examine the currently limited research investigating the use of a constraints-led 
approach to coaching in sports such as tennis and cricket. 
6.1 Tennis 
Tennis is a sport similar to cricket in that it requires the delivery and interception of a ball 
with a hitting implement, and therefore it is worthwhile reviewing how a constraints-led 
approach has been examined to teach skills in this sport, and whether this research can assist 
the current study. A number of research studies have examined the use of a constraints-led 
approach in the skill development of young tennis players. Specifically, the majority of 
studies have tended to focus on modifying task constraints such as the scaling of equipment 
and court size for junior players.  This down-scaling has been suggested can accelerate skill 
acquisition (Davids et al., 2008). In a 2010 study, Farrow and Reid used scaled-down 
racquets and court-sizes to demonstrate how adult-sized racquets and courts allow young 
players fewer hitting opportunities, and therefore fewer opportunities to develop skills. By 
using smaller racquets and courts, the researchers were able to increase the number of hitting 
opportunities, leading to greater stroke development and arguably more importantly, a greater 
enjoyment of the game by this group of participants than the group who were exposed to 
adult-sized racquets and courts. This research is supported by Buszard, Farrow, Reid, and 
Masters (2014), who found that using small racquets and low-compression balls (i.e., 25% of 
a regular tennis ball) produced the greatest hitting performance for players aged 6-8. The 
research also showed that this combination of small racquet and compressed ball promoted 
the development of techniques beneficial to the successful playing of tennis, thus supporting 
the modification of task constraints in the coaching of junior tennis players. Kachel, Buszard, 
and Reid (in press, 2014) also investigated the influence of a lower-compression ball on the 
performance of junior players, with a low-compression (75%) ball permitting increased rally 
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speeds, lower striking height for ground-strokes, and more balls hit at the net, when 
compared to a regular tennis ball. The height of the net can also be adapted for smaller 
players, and Timmerman et al.’s (2014) study supports the lowering of the net for junior 
players as it allows for a more aggressive style of play, and also showed that the participants 
enjoyed playing with the scaled conditions, suggesting the implementation of such constraints 
could lead to an increased participation in the sport. 
6.2 Cricket training methods using Constraints-Led Approach 
The research into cricket training methods has looked at the advancement of skills for 
various player roles. Studies have explored the use of manipulated task constraints to coach 
players (Renshaw & Chappell, 2010). 
Whilst the idea of a constraints-led approach to coaching is relatively new, recollections 
by elite cricketers of early practice have highlighted its presence in coaching programs 
already. For example, a former international batsman’s childhood coach placed a stick of 
bamboo outside the batter’s off-stump in order to direct the batter to swing the bat straight, as 
hitting the bamboo would indicate the backswing wasn’t straight (Renshaw & Holder, 
2010a). This type of constraint highlights how the coach is not required to verbally critique 
the performer, and rather the performer has a method with which to measure their success in 
relation to the task objective. Even once players have reached an elite standard, the use of 
constraints to implicitly execute skills can be crucial. Elite fast bowlers have reported singing 
as they ran in to bowl to “stop thinking”, and therefore allow the movement to occur at a 
subconscious level (Renshaw & Holder, 2010a). One method to implement this approach is 
to identify a “rate limiter” of a player or team – that is, a factor which currently hinders 
performance (Renshaw & Holder, 2010b). By manipulating specific task constraints, coaches 
can direct learning towards improving this rate limiter, for example by asking a batter to hit 
the ball between specific cones to improve their swing and therefore increase their scoring 
opportunities (Renshaw & Holder, 2010b), or simplified exercises to work on footwork, with 
the only directive to the batter to keep the ball on the off-side to the front leg (Renshaw & 
Chappell, 2010). These exercises and techniques, however, appear in books as examples to 
support the theory, and would be advantaged by being applied in an experimental setting. 
Renshaw and Chappell (2010) devised an innovative training program to better develop 
the match skills, or “game sense” of all players through the use of constraints. In this example 
a low net 30m from the cricket pitch was used to create a “Battle Zone” for the players, with 
the aim of simulating match conditions during constrained practice. By keeping the game-
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play within the 30m circle, all players are involved in the game at all times, and the more 
active fielders require the batters to make decisions which are as important as they would be 
in a match. The Battle Zone was also reported to benefit bowlers in terms of developing their 
ability to set appropriate fields, and learning how to work out a batter’s strengths and 
weaknesses. By creating an environment that simulates match conditions the batsmen 
experience the consequences of their shots, and with the ball always being “live”, even if it 
touches the net, all players attain a physical workload similar, or more intense, to a 
competitive environment (Vickery, Dascombe, Duffield, Kellett, & Portus, 2013b). Whilst 
the playing area size and number of players can be manipulated to challenge the players, the 
best method for replicating the physical demands of competitive matches has been found to 
be via the manipulation of task constraints, for example, the implementation of a “hit-and-
run” rule (Vickery, Dascombe, Duffield, Kellett, & Portus, 2013a). 
 
----- 
 
This is a comparative study, focusing on constraints-led and traditional coaching 
approaches. Thus, it is appropriate to examine the theoretical concepts which underpin a 
traditional, explicit method of coaching, and how they are applied in cricket coaching. 
7.0 Traditional Skill Acquisition Methods 
Traditionally, skill acquisition has been thought of as the relatively permanent changes in 
a learner’s movements through the practice and perfection of internal processes (Newell & 
Rosenbloom, 1981). The term “motor skills” has been thought to concern both the process 
and outcome of movements (Newell, 1991), and practitioners have been instructed to create 
skill acquisition programs which focus on the internal process of the movement (Langan-Fox, 
Armstrong, Balvin, & Anglim, 2002). This practice allows for a gradual learning process 
over many performance attempts, eventually leading to a robust, consistent performance 
(Davids et al., 2008). Over time, several skill acquisition theories have developed, and those 
which are relevant to the methods used in this study will now be discussed. 
7.1 Information-Processing Theory 
A popular early theory regarding how motor skills were learnt was an Information-
Processing theory, with researchers such as Woodworth (1899, as cited in Elliott, Helsen, & 
Chua, 2001), and Lashley (1917, as cited in Elliott, Lyons, & Dyson, 1997) suggesting 
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perceptual-motor information can be represented in the Central Nervous System (CNS). 
These representations are acquired through learning, resulting in the CNS storing a set of 
commands which control movement. This process is known as open-loop control, and the 
researchers postulated this was responsible for dynamic movements which could be executed 
without feedback, through a set of pre-planned instructions (Elliott et al., 1997). Theories 
espousing this centralised movement control have used storage devices, such as memory 
drums (Henry & Rogers, 1960) and computers (Keele, 1968), as metaphors to demonstrate 
how information is stored and represented within the CNS. The term “motor program”, first 
used by Keele (1968), mirrors the technology involved in computer hardware and provides a 
functional analogy of how the brain produces consistent and reliable movement patterns 
(Davids et al., 2008), which draws upon the basic workings of a computer to process 
information and output behavioural patterns. In this way, movement occurs after the 
performer’s CNS works through a series of discrete cognitive stages in order, namely 
Stimulus Identification, Response Selection, and Response Programming (Tomporowski, 
2003). This method of processing information, however, does not allow for the input of 
feedback, which Adams (1971) attempted to correct with a closed-loop theory. This theory 
implies that movement is affected by a continuous comparison between current information 
and information gathered as a result of a successful movement, which then regulates 
movement (Adams, 1971). Through this theory, learners adopt basic movements by using 
feedback provided through the outcome of the movement, which guides their interpretation of 
success (Collins & De Luca, 1993). A key assumption in both open-loop and closed-loop 
theories is the CNS’ capacity to retain a large number of representations to control the 
numerous movements required in daily life (Newell, 1991). In an attempt to combine these 
theories, Schmidt (1975) developed a theory known as schema theory, which will now be 
discussed.  
7.2 Schema Theory 
In schema theory, a generic motor program contains all the characteristics of a given task, 
and is open to modification by external feedback (Schmidt, 1991). One way in which this 
theory differs from open-loop and closed-loop control, is that it requires variable learning 
conditions for the learner to acquire a consistent schema, rather than the controlled 
environment espoused by open-loop and closed-loop theories (Schmidt, 1982). In schema 
theory, the learner creates a “rule” for the behaviour through practice, which is a coupling of 
the learner’s past experiences and the feedback gathered from the most recent trial (Schmidt, 
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1982), and therefore more varied experiences allow the performer to select the most 
appropriate rule to execute an effective movement. Another proposed benefit of varied 
practice in the schema theory is how it exposes the learner to what could possibly happen 
during the task, which then allows the learner to develop effective solutions to be used should 
the possibility eventuate in a competitive situation (Schmidt, 1982). Schema theory suggests 
variable practice is mainly effective in children, as the schemas created by children during 
research tasks may have already been learnt by adults (Schmidt, 1982). A performer moves in 
response to the information provided to them from the environment, by calling on previously-
learnt information (Carrell & Eisterhold, 1983). Through this process, the performer can 
complete a movement which they have never made before, by transferring a related rule; for 
example, the performer has never thrown a ball 30 metres but has previously thrown a ball 20 
metres, and therefore simply adjusts the 20 metre schema before running the motor program 
(Schmidt, 1991). Skilled performances can thus be explained when the performer has no 
previous experience with the skill. 
------- 
Coaching approaches which have actioned a method based upon these theoretical 
principles have been used in cricket for many years (L. Tennant (English County Club 
coach), personal communication, January 19, 2014), as well as many other sports. This 
approach is now discussed. 
8.0 Traditional Coaching Approaches 
The most commonly-encountered form in sport of these traditional skill acquisition 
models is decomposed practice, where the movement is broken up into smaller segments. 
Each segment is then perfected before they are put back together to create the optimum 
movement (Renshaw et al., 2010). In a typing study, Bryan and Harter (1897, in Ericsson, 
Krampe, & Tesch-Römer, 1993) highlighted the different stages a learner went through 
whilst learning a skill. Specifically, the learners exhibited distinct phases whereby they 
improved small elements of the skill and then consolidated these improvements. The learners 
then linked these individual elements (in this case single key presses) into more complex 
systems, expressed in their study as words and phrases (Bryan & Harter, 1897, in Ericsson et 
al., 1993). In a research paper titled Acquiring Surgical Skills, Hamdorf and Hall (2000) state 
“it is necessary to deconstruct skills so they can be taught to others” (p. 30), and recommends 
the repetitive practice of one skill rather than training in a variety of skills. Decomposing a 
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skill has been suggested to be beneficial as it breaks a complex movement into smaller, more 
manageable parts which then require less temporal organisation to perfect (Park, Wilde, & 
Shea, 2004). These smaller parts can be recombined at a later stage once each has been 
perfected, in order to create a consolidated, successful movement (Brydges, Carnahan, 
Backstein, & Dubrowski, 2007). Improvement in performance, therefore, is the ability to 
perform the segments together without obvious transitions from one segment to the next 
(Hansen, Trembley, & Elliot, 2005).  
Traditional coaching methods have focused on improving the technical and tactical skills 
of the performers, by utilising repetitive training drills and/or removing opposition to 
eliminate variability and allow for unobstructed practice (Passos, Araújo, Davids, & 
Shuttleworth, 2008). In line with the traditional skill acquisition theories, coaching has 
commonly decomposed movements in order to teach them to novices, in the belief that the 
perfection of the individual components will result in a successful overall movement 
(Brydges et al., 2009). An example of this is the tennis serve, which is commonly separated 
into the ball-toss stage, and the racquet-swing phase (Reid, Whiteside, & Elliot, 2010). In a 
cricket context, many coaching handbooks advocate the use of such training methods (e.g., 
Tyson, 1976; Dellor, 1990; Pyke & Davis, 2010). In a book entitled “Coaching Youth 
Cricket”, written by the Australian Cricket Board, coaches are provided with diagrams and 
drills to use when coaching young players. These drills decompose the skills of bowling and 
batting to focus on one single aspect of the skill, to allow for the perfection of each segment 
(Australian Cricket Board, 2000). These prescriptions are also based upon the idea of a “one 
size fits all” movement model, to be perfected by each player. Cricket coaching manuals and 
books provide step-by-step “recipes” to successfully bowl finger spin and leg spin (Tyson, 
1976; Philpott, 1978), and prescribe training drills to hone each individual component of the 
skill, such as the Wrist-Flick, Gather and Explode, and Pulling the Chain (Australian Cricket 
Board, 2000, p.145-147). 
During the learning of each individual component, the performer is given verbal and 
visual instruction by the coach, and is made consciously aware of the execution of the skill 
(Zwicker & Harris, 2009), in line with the Cognitive stage of Fitts’ model (Fitts & Posner, 
1967). Feedback is provided on how the skill has been performed, rather than the outcome, as 
the outcome of the component drill is commonly different to the outcome of the whole 
movement. For example, when learning to bowl in cricket, players are taught the importance 
of a high jump in the delivery phase, and in order to practice this component, the player does 
not need to even release the ball at the end (Australian Cricket Board, 2000, p.146). This 
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feedback is provided verbally by the coach, and a demonstration is often given, in 
comparison to the “ideal” model the player is attempting to replicate (Whiting, 1969). 
Research has suggested, however, that this method of feedback and instruction can lead to 
performers learning passively, as the answers are provided to them (Davids et al., 2013). 
Each movement trial in these drills is typically short, as the components are a small 
proportion of the entire skill. This allows for the player/s to perform a large number of trials 
during each training session, which some studies report as being beneficial as it allows for 
automaticity to develop (Thurman, 1993; Li & Wright, 2000). This is not a unanimous view, 
however, as some studies have shown that practicing several sub-components within the 
same training session, through varied practice, can provide greater learning benefits than a 
blocked, repetitive structure (Wrisberg & Liu, 1991; Giuffrida, Shea, & Fairbrother, 2002; 
Hansen et al., 2005). 
In cricket specifically, much attention is paid to the refinement and perfecting of 
technique, as demonstrated by coaching manuals, an elite player, or the coach’s directive 
(Renshaw & Holder, 2010a). Practice sessions are almost universally undertaken in a net 
environment, where a batter is enclosed on three sides by netting to eliminate the need for 
fielders. A batter will often have several bowlers bowling to him/her for a designated time 
(Müller & Abernethy, 2006). Whilst expert batters have had varied techniques, imprecise 
technical execution of movements is seen as the limiting factor in performance (Muller & 
Abernethy, 2006). When adequate bowlers are not available, a ball-projection machine is 
commonly used, to deliver a high number of balls to the batter (Davids, 2010), and can be 
programmed to deliver the same delivery consistently so the batter can work on one particular 
stroke, for example (Pinder et al., 2011). 
9.0 Defining Skill from a Traditional Perspective 
In 1964, Fitts developed a model of learning to describe learning as a continuous process 
with gradual changes in how information is processed as the learner advances through the 
model (Fitts & Posner, 1967). During the first phase, known as the Cognitive phase, the 
learner is provided with basic verbal instruction and rules in order to build a basic 
understanding of the skill. Performance is highly variable and errors are common during this 
stage, as the learner trials different movement patterns in the search for a consistently 
successful pattern. This phase is characterised by the learner acquiring the cognitive 
awareness of the demands of the skill, and is considered crucial to eventual success as the 
 36 
Spin it to win it: a comparison of constraints-led versus traditional coaching approaches 36 
learner cannot be successful without this awareness (Kaufman, Wiegard, & Tunick, 1987; 
Hamdorf & Hall, 2000). A key requirement of this stage is for the learner to be consciously 
aware of the task’s requirements, and how to attend to these requirements (Zwicker & Harris, 
2009). The learner moves from this stage into the Associative stage, where the movement is 
refined to a more consistent pattern. The time a learner spends in this stage is relative to the 
complexity of the movement, as the learner must repetitively practice the skill in order to gain 
the refinement and consistency required (Kaufman et al., 1987). This consistency is achieved 
by the learner applying unique motor skills to the skill in order to avoid the inefficient 
movements exhibited in the Cognitive stage (Hamdorf, 2002); however, errors are still 
exhibited, and indeed necessary, during this phase as the learner continues to experiment in 
the pursuit of this refinement (Zwicker & Harris, 2009). The final stage of Fitts and Posner’s 
model is Autonomous, where the skill starts to become automatic and without conscious 
control (Kaufman et al., 1987). Automatic execution of skills is evidenced by the learner 
performing the skill whilst engaging in another, for example walking whilst talking (Zwicker 
& Harris, 2009), and this stage is seen as ideal in the consistently successful execution of the 
skill, as it will be efficient and require little cognitive use (Kaufman et al., 1987). It is 
important to consider that in this model, a learner never regresses; that is, once the learner 
moves from the Cognitive stage to the Associative stage, they do not move back to the 
Cognitive stage at any point in the learning process. The same is true when moving from the 
Associative stage to the Autonomous stage (Davids et al., 2008). 
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10.0 Spin Bowling 
There are two types of spin bowlers in cricket – finger spinners and wrist spinners. Finger 
spinners grip the ball largely in the fingers and turn the wrist in a clockwise direction to 
generate spin on the ball (figure 2), resulting in the “stock” or “most common” delivery for 
right-handed finger spinners spinning from left to right upon bouncing. In contrast, wrist 
spinners hold the ball more in the palm of the hand and while still generating spin by rotating 
the wrist, they do so in an anti-clockwise direction (figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The “stock” delivery for a right-handed wrist spinner tends to spin from right to left upon 
bouncing. Left-handed bowlers generate spin in the opposite way to their right-handed 
counterparts – that is, a left-handed finger spinner’s “stock” delivery spins from right to left 
and the left-handed wrist spinner’s “stock” ball spins from left to right. Typically, finger 
spinners and wrist spinners differ in the amount of spin produced. Spratford (in press, 2015) 
states the typical spin rates of Pathway and Elite spinners for their “stock” ball, are 1600 
RPM and 1900 RPM, respectively, for finger spinners, and 2000 RPM and 2300 RPM, 
respectively, for wrist spinners. The differences in RPM generation have not yet been 
scientifically studied, however several possible reasons can be proposed. The spin imparted 
Figure 3. Typical wrist spin grip and direction of wrist rotation (for a 
right-handed bowler) 
Figure 2. Typical finger spin grip and direction of wrist rotation 
(for a right-handed bowler) 
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on the ball at release is generated largely by torque in the fingers and wrists, and the different 
styles of spin bowling produce different levels of torque due to the nature of the bowling 
actions (J. Davison (National Spin Bowling coach), personal communication, May 21, 2014). 
The grip with which the two types of bowlers hold the ball produce differing levels of torque 
- as the wrist muscles are typically stronger than the finger muscles, these muscles are able to 
generate more torque and therefore impart more spin on the ball. Another factor influencing 
torque is the range of motion through the delivery action (Davison, personal communication, 
2014). Wrist spinners have a greater range of motion in the wrists and forearms than finger 
spinners, and as both spin types combine wrist and finger movements to generate torque, a 
greater range of motion can create greater torque. Finally, the importance of the fingers to 
grip the ball may impact the spin generation – finger spinners require long, strong fingers to 
grip the ball and impart spin, whilst the wrist spinner can grip the ball more easily in the palm 
of their hand (Davison, personal communication, 2014). 
11.0 Current Literature Gaps 
Interceptive ball-and-racquet sports, such as tennis and cricket, have been used as vehicles 
with which to examine the role a constraints-led coaching approach plays in the development 
of skills. Presently, however, no study has examined the efficacy of a constraints-led 
approach in the development of cricket spin bowlers. The manipulation of task constraints to 
guide the learners towards the development of a successful movement pattern has the 
potential to aid the development of the highly complex and difficult-to-master skill of spin 
bowling. Traditionally, the skill of spin bowling has been taught with a focus on the technical 
execution of the individual components of the skill, for example, a focus on the wrist position 
and finger control, (Chin et al., 2009; Farrow, 2010). The absence of current research, and 
subsequent lack of knowledge about the approach, supporting the use of a constraints-led 
approach in the coaching of spin bowlers has so far hindered its implementation, however, 
there is also a similar lack of research supporting the use of traditional coaching methods. 
Instead, the traditional method has been supported by anecdotal evidence and passed down 
from generation to generation, and is accepted as the “norm” amongst cricket coaches (L. 
Tennant, personal communication, 2014). This study aims to fill the current gap in the 
literature, and provide cricket coaches with evidence to support the use of either a 
constraints-led or traditional coaching method when designing training programs for aspiring 
cricket spin bowlers. This research will also aim to investigate whether the constraints-led 
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approach is more effective in the development of both under-age representative players who 
are at control level and/or junior academy players at co-ordination level. 
12.0 Summary 
This study utilises the empirical work already completed in the areas of Dynamical 
Systems Theory, Non-Linear Pedagogy, and a Constraints-Led Approach to coaching, as well 
as sub-components of this coaching approach such as attentional focus and implicit and 
explicit learning strategies. Specifically, the study aims to compare the role traditional and 
constraints-led approaches play in the development of a key skill of cricket spin bowling, 
namely how hard the bowler spins the ball at release. DST suggests that learning can take 
place through the manipulation of specific task constraints, as the learners adapt their 
behaviour in response to the new constraints, through self-organising their degrees of 
freedom, in order to achieve new, stable, and successful movement patterns. 
The role of a coach in the constraints-led approach is less “directly” involved in the 
learning process during the session than traditional coaching approaches; however, the coach 
is still an important part of the learning process. The coach is required to design and 
implement a training intervention which incorporates all the factors that are crucial to the 
constraints-led approach (e.g., modified/modifiable constraints, representative environment, 
etc.), and ensure the learners are always at the centre of the learning process. The coach 
provides instruction by outlining the broadest of goals for the learner, to allow the learner the 
maximum possible scope to explore the various possible movement solutions and discover 
one which allows the learner to successfully achieve the objective/s. The practice session 
should require each performer to direct their own learning, to achieve this unique solution in 
response to the interacting constraints. The coach, rather than explicitly teaching the internal 
processes of skills, should only be available to provide feedback as to the outcome of the 
skills, and design a training environment which implicitly provides feedback to the 
performer/s, as research has shown this method can enhance the learning process. The 
training design, however, should also allow the performers to gauge their own performance, 
through the use of appropriate goals/objectives which take the form of the modified task 
constraints. Previous research has so far failed to examine the efficacy of a constraints-led 
approach in the development of young cricket spin bowlers, which is currently an area of 
interest given Australian cricket’s search for the “next Shane Warne”. As such, the key aims 
of this study are: (i) to examine the effectiveness of constraints-led and traditional approaches 
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to coaching spin bowlers; and (ii) to examine the efficacy of the two approaches when 
coaching two different skill levels – under-age representative and junior academy. In the 
constraints-led approach, bowlers will be asked to bowl at three sets of stumps placed side-
by-side and informed that the task goal is to spin the ball as many stump-widths as possible. 
This will create an environment in which learning can occur through self-organisation, and by 
removing external, explicit instruction from the learning process, the learner is required to 
search the environment for key information sources, or affordances. In contrast, the 
traditional approach will attempt to develop the skill by focusing on the perfection of 
individual components of the skill, and the explicit instruction from a qualified coach as to 
the “ideal” execution of each skill. 
Based on the previous work, it is hypothesised that a constraints-led approach will result in 
greater improvements in performance – defined in this study as spin rate, and measured by 
Revolutions Per Minute (RPM) - than a traditional approach, due to the opportunities it 
provides to each learner to create their own unique movement pattern through self-
organisation in response to the manipulated constraints. It is also hypothesised that under-age 
representative players will spin the ball harder than junior academy players, as a result of 
their higher skill level. 
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CHAPTER 3: METHODS 
1.0 Methodology and Research Design 
1.1 Methodology 
This study used an experimental design to examine the effectiveness of two different 
coaching styles in facilitating the improvement of development level spin bowlers. 
Specifically, the research investigated whether a constraints-led coaching approach leads to a 
greater improvement in a spin bowler’s spin rate than traditional coaching methods. The 
initial aim of the programme of research was for the participants to undertake a 2-Phase 
coaching programme that took place in the pre-season phase of the bowler’s year. Phase 1 
consisted of a Pre-Test to establish baseline measures of spin rate, which involved each 
participant bowling 12 deliveries (equal to two overs in a cricket match) at a single set of 
stumps without a batter present (see 4.0). Following the Pre-Test, the participants were then 
randomly allocated into one of two coaching groups, a Constraints-Led group or a Traditional 
group. While individuals were randomly allocated, the Pre-Test results were used to ensure 
there were no performance differences between the two coaching groups before the training 
intervention commenced, but within this, individuals were randomly assigned. Additionally, 
the researcher attempted to have equal participant numbers, and equal numbers of each spin 
type, in each coaching group. A typical pre-season for cricket consists of two practice 
sessions a week for eight weeks, and so, following the Pre-Test, the participants commenced 
a two-stage training program. Each stage consisted of eight sessions over four weeks. The 
first stage, termed Phase 1, involved participants practicing under either a constraints-led 
(Group 1) or traditional (Group 2) coaching approach (see 4.0). Following completion of the 
coaching intervention, participants completed a Post-Test. This concluded Phase 1. An eight-
session Phase 2 for each cohort was also planned (see 4.0), followed by a third testing 
session, immediately after Phase 1; however, only the Australian participants were able to 
complete this Phase 2, as a lack of funding prevented the primary researcher remaining in 
England to administer Phase 2 to the English participants. For clarity and to provide a ‘fair’ 
comparison, only the findings from Phase 1 will be reported in the thesis. This limitation is 
acknowledged here. 
1.2 Research Design 
The research was conducted as a quantitative examination of the participants’ spin rate 
(the dependent variable), which was measured at each testing stage by recording the number 
 42 
Spin it to win it: a comparison of constraints-led versus traditional coaching approaches 42 
of revolutions per minute imparted on the ball at the point of release through the use of 
Trackman (see 3.0). The independent variable for this study was the type of coaching 
received. 
2.0 Participants 
Participants were 22 spin bowlers ranging in age from 8 years to 20 years (M = 13.91 ± 
3.58 at the Pre-Test). Nine of these participants were from an Australian state under-age 
representative squad (mean age 17.56 years ± 2.19), and 13 were current attendees at an 
English club cricket academy (11.38 years ± 1.56). Of the 22 participants, (by chance) 11 
were wrist spinners and 11 were finger spinners. Participants were deemed eligible for this 
study if they had been bowling spin for at least two years in an organised cricket team, and 
could commit to two training sessions per week for the duration of the study. Participation in 
the Australian-based intervention was also dependent on selection for the squad as testing 
took place during their pre-season sessions. The researcher did not limit the number of 
participants in the study, and the participants who took part were the most possible who were 
deemed eligible and could attend all training sessions. All participants, or where appropriate 
their guardians, provided informed consent and were free to withdraw from the study at any 
time without penalty or negative consequences with either the state’s representative program 
or club academy. This research was granted ethical approval by the Queensland University of 
Technology’s Research Ethics Unit (Ethics Number: 1300000450). The participants’ names 
were used to ensure complete recordings were gathered, however, to ensure anonymity these 
names are not published in this thesis and instead each participant has been given a unique 
numerical identifier to protect their identity. No images of any participant in the study have 
been used or will be published. 
Group Selection 
While the individuals were randomly allocated to a coaching group, the researchers made 
every attempt to construct the two coaching groups with approximately equal numbers of 
wrist and finger spinners, and an equal number of participants in each coaching group. As the 
two groups (at each venue) trained at separate times (to ensure no crossover or interference 
from one group to the other), some participants were only able to attend one time-slot on the 
training days. Therefore, rather than lose them from the study, they were allocated into the 
group which trained at the time that suited them. 
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Coaching Expertise 
Whilst each group (QLD and English) had a different coach, to ensure that the quality of 
coaching received was of a similar standard, both coaches used in this study held a Level III 
coaching qualification with either Cricket Australia or the England Cricket Board. Given the 
challenges faced by having different coaches, the researcher made every effort to ensure that 
the coaching methods and instructions they used were as similar as possible. This was 
possible due to the Australian participants completing the intervention and testing before the 
English participants began their intervention, meaning the researcher was able to advise the 
English coach of the methods employed by the Australian coach. This then allowed the 
English coach to construct sessions which replicated the Australian coach’s instructions as 
closely as possible. To that end, the researcher and the English coach went through the 
session plan before each training session to confirm that the forthcoming session would 
closely replicate the relevant session conducted with the Australian players. 
3.0 Instruments 
The Pre-Test, Post-Test, and Final Test were recorded by Trackman, (Trackman A/S, 
Denmark). Trackman is used by cricket institutions in countries such as Australia and the 
United Kingdom to gather objective data on spin bowlers’ spin rates.  Doppler radar is used 
to measure the number of revolutions imparted on the ball at the point of delivery, as well as 
the ball’s trajectory after release. The reliability of Trackman to measure spin rates has been 
verified by Cricket Australia’s Sports Science Sports Medicine Unit (see Appendix A), by 
comparing the Trackman results to Vicon, a trusted and reliable measuring tool currently 
used by Cricket Australia. In this study, Trackman was positioned at a distance of 10 metres 
behind the bowler, which allowed the bowlers to perform the test unimpeded. After delivery 
of each ball, spin rate and ball landing position data was coded to that participant, and was 
presented on a laptop instantly to allow for immediate collation via Microsoft Excel. As 
highlighted in the earlier chapters, consistency of landing position is a secondary goal for 
spinners once they have acquired the ability to spin the ball hard. As such, Phase 2 of the 
study aimed to measure accuracy of landing position as part of Phase 2. Observation of actual 
ball landing positions when compared to the positions recorded by Trackman, however, 
proved the Trackman recordings to be unreliable in the Australian component of the study. 
Additionally, despite promises from the English Cricket Board performance analysis 
department, Trackman was not available for the English based group during this Phase. Thus, 
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accuracy measures were not able to be collected and the results will therefore focus only on 
spin rates.  
4.0 Procedure and Timeline 
Respectively, the two skill groups (i.e., Junior Academy and Under-Age Representative) 
undertook the training intervention during their pre-season and therefore they took place at 
different times and in different venues; however, they both completed identical training 
interventions. Cricket Australia’s Centre of Excellence, in Brisbane, was used for the training 
intervention involving the Australian players. As identified earlier, this group undertook a 
Two Phase training programme (see below). These players used the Centre’s outdoor cricket 
nets, with turf pitches, and sessions took place in the late afternoon/early evening period. The 
English players participated in a program which took place at an indoor facility in Leicester, 
England, and bowled in cricket nets with synthetic pitches and abundant artificial lighting. 
This group undertook a One Phase training programme (see below). Participants used cricket 
balls identical to those they would normally use in practice and in matches. In Australia, this 
meant they used Kookaburra balls and in England, Dukes. Whilst the balls were different in 
each location, they were the usual type used by cricketers in those locations, which meant the 
bowlers were not required to make any adjustments to their bowling action in response to a 
foreign ball. This was seen to be preferable over using the same type of ball for all 
participants.   
Phase 1 
The following description of the procedures applies to both skill groups (i.e., the junior 
academy and representative players). Following the Pre-Test, the program of work consisted 
of ten sessions in total, with two sessions per week for four weeks and included the Pre-Test, 
the coaching interventions, and concluding Post-Test. Each session ran for one hour. During 
each session, each bowler delivered 30-40 deliveries (a typical volume in a cricket practice 
session), and batters were not present during any session. Whilst the absence of a batter 
detracted from the representativeness of the task and may have influenced performance (this 
will be discussed as a limitation of the study in the discussion), the use of Trackman (see 3.0) 
precluded inclusion to ensure no damage from ball contacts from shots played by the batter. 
The stated goal for both groups was to increase the amount of spin they put on the ball. 
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Group A: Constraints-Led Coaching 
 
This group’s learning was directed via manipulated task constraints. The training 
environment included six extra cricket stumps, with three on either side of the usual set in the 
normal position for cricket (see Figure 1). This intervention was selected as it created a visual 
objective for the bowlers, provided instant measurable feedback of performance to the bowler 
(i.e. how many stumps did I turn it?), and used equipment commonly found at most cricket 
practice sessions, thus allowing for replication in a “real world” scenario. The group’s 
participants were given only one instruction; “spin the ball as hard as you can to make the 
ball spin across as many stump-widths as possible after landing”. No instructions as to “how” 
to achieve this goal were given.  
 
Figure 4. Constraints-Led Training Design, showing the additional stumps on either side of the usual set. 
Group B: Traditional Coaching 
 
This group bowled to a single set of stumps and no batsmen were present during any 
session. Whilst bowlers in this group were instructed to focus on spinning the ball as hard as 
possible (i.e., imparting as many revolutions on the ball as possible), at the expense of other 
factors such as accuracy, each bowler was given coaching focused on improving the technical 
aspects of their spin bowling. Group B received coaching using traditional spin bowling 
coaching methods (see Literature Review Section 10.0) from a Level III accredited spin 
bowling coach in the respective countries. While two different coaches were used for this 
group in the Australian and English phases of the study, the instructions these coaches 
provided were of a similar standard and content. Specifically, coaches gave the bowlers 
technical instructions related to specific components of the skill, such as trunk rotation, 
release height, and the correct rotational axis to impart spin on the ball. Only one component 
was practiced per session, with the bowling action decomposed to entail only the component 
to be practiced. Instruction was provided, in the form of demonstration by the coach, at the 
beginning of the training session to provide the focus of the proceeding session, and 
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reinforced at appropriate coaching moments throughout the session. Feedback was provided 
regarding the execution of particular movement components, rather than on the outcome of 
the delivery. 
5.0 Analysis 
Player’s spin rate data was collected for each delivery in Pre- and Post-Tests and inserted 
into an Excel spreadsheet for ready access. Means and standard deviations were calculated to 
measure changes in performance. T-tests and ANOVAs were then utilised to establish the 
statistical significance of the data (SPSS 21.0). Initially, independent t-tests were used to 
ensure that there were no statistical differences between the groups prior to the 
commencement of the training sessions. On completion of the data collection, a repeated-
measures ANOVA (2x2 for Junior Academy; 2x2 for Under-Age Representative) was 
performed on the results to examine whether there were any statistically significant 
differences due to the coaching interventions. Where differences were identified, follow-up t-
tests were undertaken to identify the differences between specific groups. Significance was 
accepted where p < .05.  
Additionally, in line with the tenets of a constraints-led approach, individual analysis was 
undertaken, which prevents the use of statistical tests such as the t-test and ANOVA; 
therefore, effect sizes and percentage changes were used to interpret performance changes as 
a result of the training intervention. For both individual and group data, percentage changes 
and effect sizes were also calculated. Cohen’s (1988) d was used in the observation of effect 
sizes, with the stated minimum values for small, medium, and large effects being 0.2, 0.5, and 
0.8, respectively (Cohen, 1988). 
As a reminder it should be noted that as only one of the skill groups was able to complete 
Phase 2, statistical comparisons between the two age groups are made only at the Pre-Test 
and Post-Test stages for Phase 1.  
6.0 Ethical Considerations 
Ethical clearance was granted by Queensland University of Technology’s Ethics 
Committee (Ethics Number: 1300000450; see Appendix B). Participants, or a guardian for 
those under legal age, provided informed consent before commencing their participation in 
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the study. The participants were aware that they could withdraw from the study at any time 
with no penalty or negative consequences with QUT or their existing cricket participation. 
It is not expected that this research violated any of the participants’ ethical rights. The 
participants were involved in practices which they would normally be involved in during 
regular cricket training sessions, and their image has not been used or published. The 
participants’ names were used to ensure complete recordings were gathered, however these 
names were not published in this paper and instead each participant has been given a unique 
numerical identity. 
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CHAPTER 4: RESULTS 
This Chapter reports the findings of the training interventions employed in the study and is 
presented in three sections. Section 1.0 will examine the effects of the training interventions 
on all the participants in this study, and Section 2.0 will analyse the training effects according 
to the participants’ skill level. Finally, Section 3.0 will examine all the participants 
individually, as the theory which underpins this research suggests learning is a unique process 
for each performer.  
Before the interventions began, the Pre-Test mean scores for each age group and each 
coaching group were analysed using an independent t-test, to ensure no differences existed. 
No differences existed between the two groups for the Junior Academy group, t(11) = 0.368, 
p = 0.720 or the Under-Age Representative group, t(7) = 0.476, p = 0.648. 
1.0 All Participants For Phase One 
 A repeated-measures factorial ANOVA with follow-up t-tests (significance = <0.05) was 
performed to examine the effects of the training interventions on the participants’ spin rate 
(RPM). Means and standard deviations for both coaching groups are displayed in Table 1 and 
Figure 2. 
Table 1. Descriptive Statistics for Coaching Groups and Spin Types 
Coaching Type Pre-Test Post-Test 
Constraints-Led 1320.10 ± 461.21* 1402.82 ± 484.70 * 
Traditional
 
1417.52 ± 591.80
 
1454.84 ± 572.37 
(* denotes significant (p <0.05) difference between values) 
There was a significant effect for coaching group, F(1,20) = 5.08, p = 0.04, indicating a 
significant difference between the Constraints-Led coaching group and the Traditional 
coaching group, but there was no main effect for time, F(1, 20) = 0.11, p = 0.74. The 
interaction was not significant, F(1, 20) = 0.73, p = 0.40. Follow-up t-tests were conducted, 
and showed a significant effect due to practice for the Constraints-Led group, t(10) = 2.390, p  
= 0.038, d = 0.18, with the Traditional group showing no significant changes due to practice, 
t(10) = 0.922, p = 0.378, d = 0.06. 
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Figure 5. Pre-Test and Post-Test Means and SD for All Participants.  
In order to examine if skill level mediated the findings, further analysis was undertaken on 
each skill group separately and are presented below. 
2.0 Participants by Skill Level 
2.1  Junior Academy Participants 
Descriptive statistics for the Junior Academy participants are presented in Table 2 and in 
Figure 3. A repeated-measures factorial ANOVA (significance = <0.05) was performed to 
examine the effects of the training interventions on the participants’ spin rate (measured by 
RPM). 
Table 2. Descriptive Statistics for Junior Academy Participants 
Coaching Approach Pre-Test Post-Test 
Constraints-Led 1062.52 ± 268.18* 1165.16 ± 316.89 * 
Traditional 1005.11 ± 294.13 1015.71 ± 286.51 
(* denotes significant (p <0.05) difference between values) 
 
There was a main effect for coaching group, F(1, 11) = 5.134, p = 0.045, representing a 
significant difference between the two coaching groups, but there was no main effect for 
time, F(1, 11) = 0.42, p = 0.53. The interaction between the two coaching groups in this skill 
level was not significant, F(1, 11) = 3.392, p = 0.093. Follow-up dependent t-tests were 
performed to investigate the main effect. This test showed a significant effect due to practice 
for the Constraints-Led group, t(6) = 2.471, p = 0.048, d = 0.35, with the Traditional group 
showing no significant changes due to practice, t(5) = 0.455, p = 0.668, d = 0.04; the 
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Constraints-Led group improved their performances as a result of the intervention, but the 
Traditional group did not.  
 
 
Figure 6. Pre-Test and Post-Test Results for Junior Academy Participants. 
2.2 Under-Age Representative Participants  
Descriptive statistics for all Under-Age Representative participants are presented in Table 
3 and Figure 4. A repeated-measures factorial ANOVA with follow-up t-tests (significance = 
<0.05) was performed to examine the effects of the training interventions on the participants’ 
spin rate (measured by RPM). 
Table 3. Descriptive Statistics for Under-Age Representative Participants 
Coaching Type Pre-Test Post-Test 
Constraints-Led 1622.67 ± 348.66
 
1818.73 ± 468.88
 
Traditional 1746.63 ± 415.12* 1981.80 ± 286.71*
 
(* denotes significant (p <0.05) difference between values)  
 
The ANOVA showed a significant effect for coaching group, F(1, 7) = 16.541, p = 0.005; 
there was a significant difference between the two coaching groups. There was no significant 
main effect for time, F(1, 7) = 0.34, p = 0.58. The interaction between the two coaching 
groups in this skill level was not significant, F(1, 7) = 0.136, p = 0.723. Follow-up dependent 
t-tests were performed to further examine the main effect for practice. This test showed a 
significant effect for the Traditional coaching group, t(4) = 3.19, p = 0.03, d = 0.59, but not 
for the Constraints-Led coaching group, t(3) = 2.65, p = 0.08, d = 0.58.  
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Figure 7. Results for Each Testing Stage for Under-Age Representative Participants. 
2.3 Summary 
In summary, the constraints-led coaching approach resulted in an improvement in spin 
rate, whilst a traditional approach did not improve spin rate. When the participants were 
separated according to skill level, it was seen that a constraints-led approach generated 
improvements in both Junior Academy and the Under-Age Representative groups. In 
contrast, the traditional coaching approach did not yield any significant performance changes 
in the less skilled Junior Academy group; however, significant performance improvements 
were revealed in the Under-Age Representative group. 
Whilst grouping data can be useful in providing generalised findings, it can mask 
individual traits and differences (Kelso, 1995). Therefore, as the constraints-led approach to 
coaching is predicated on each learner creating a unique movement pattern in response to the 
interacting constraints, the results of each participant in this study were analysed to further 
determine the effectiveness of this coaching approach in the development of spin rate in spin 
bowlers. 
3.0 Individuals 
Each individual’s data showing means and standard deviations is provided along with 
percentage change scores and effect sizes (see Appendices A and B). Below is a summary of 
these results, detailing positive and negative effects. These effects are then investigated in 
greater detail to ascertain whether individual players at a given skill level are more conducive 
to one coaching method over the other. 
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Summary 
Of the 22 participants who completed Phase 1 of this study, 13 showed an improvement in 
performance. These 13 were almost equally split between the two coaching groups. Seven out 
of 11 of the constraints group showed improvements ranging from 3.5% to 20% (Med: 
10.84%), with six out of 11 of the Traditional group improving between 3.6% and 24.4% 
(Med: 7.77%). While individual improvements were seen across participants from both 
groups, the actual levels of improvement were different between groups, with six of the seven 
constraints group showing a large (ES > 0.8) improvement (7.13% - 20.11% improvement) in 
comparison to only three of the traditional group (6.1% – 24.4%), with the other three 
showing a medium (0.5 < ES < 0.8) level (3.58% - 8%) improvement. In terms of decreases 
in performance as a result of practice, three participants in the Traditional group showed a 
decrease in performance, two of whom displayed a large (ES > 0.8) negative effect (5.3% - 
9.21%). In contrast, whilst three participants in the Constraints-Led group showed a negative 
effect in performance, two of these decreases were of medium (0.5 < ES < 0.8) magnitude 
(3.23% - 5.14%) and one small (2.02%). A summary of the individuals’ effect sizes and 
performance are presented below and in Table 5 and 6 (see Appendices C and D). 
Positive Effects 
Large Effects: Nine participants (2, 5, 6, 7, 10, 15, 17, 18, and 19), of which five were 
Junior Academy participants and four were UAR participants, exhibited large positive effects 
with percentage improvements ranging from 7% to 20% (Med: 11.91%) as a result of the 
practice intervention. Six of these participants were in the Constraints-Led group and three 
were in the Traditional group. 
Medium Effects: Three participants in the Traditional coaching group (two Junior 
Academy players and one UAR player; participants 8, 13, and 22) showed medium effects 
sizes and performance improvements in the range of 3.6-8% (Med: 7.55%).   
Small Effects: One Junior Academy participant from the Constraints-Led coaching group 
(1) presented a small effect size (3.55%). 
Negligible Effects 
Three participants (4, 11, and 21) recorded effects which were less than the set value for a 
small positive or negative effect (> 0.3). One of these three was a Junior Academy participant 
in the Constraints-Led group, whilst the other two were in the Traditional group, and 
comprised of one Junior Academy participant and one Under-Age Representative participant. 
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Negative Effects 
Large effects: Several participants displayed negative performance effects from the 
coaching interventions. In particular, Participant 20 recorded a very large effect size (1.41) 
with a 6% reduction in spin rate, and Participant 12 a large effect size (ES: 0.83; -5%). Both 
of these participants were in the Traditional Group, with one in each age group.  
Medium effects: Two Junior Academy participants and one UAR participant (3, 9, and 16) 
displayed medium negative effects with percentage reductions of 3.23% - 5.14% (Med: 
4.34%). Two of these participants were in the Constraints-Led group and one was in the 
Traditional group.  
Small effects: Participant 21 recorded a small negative effect (3.69%), and was a UAR 
participant in the Traditional coaching group. 
Table 4. Tally of Performance Changes for All Participants 
 
Negative Negligible Positive 
Constraints-Led 
Approach 
3 1 7 
Large Medium Small 
 
Small Medium Large 
 
2 1 
 
1 
 
6 
Junior Academy 
 
1 
 
1 1 
 
4 
UAR 
 
1 1 
   
2 
Traditional 
3 2 6 
Large Medium Small 
 
Small Medium Large 
2 1 
   
3 3 
Junior Academy 1 1 
 
1 
 
2 1 
UAR 1 
  
1 
 
1 2 
 
Table 4 provides a tally representation of the individual performance changes following 
the training interventions. The participants are recorded in terms of both coaching group and 
skill level. 
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CHAPTER 5: DISCUSSION 
This thesis aimed to test the hypothesis that a constraints-led approach to coaching spin 
bowlers would lead to greater skill development than a traditionally used method which 
focused on correcting and perfecting the technical components of the skill. Specifically, given 
that the first requirement for developing spin bowlers is “to spin the ball hard” (Philpott, 
1995; Warne, in Harper, 2013, para. 10), the study assessed the relative effectiveness of the 
training interventions in facilitating the acquisition of bowling actions to meet this goal. The 
amount of spin was measured objectively by Trackman (Trackman A/S, Denmark) which 
measured the number of ball revolutions per minute at the point of ball release by the bowler. 
As predicted, the results show that when all participants are considered together, the 
constraints-led coaching approach resulted in improvements in performance, whereas the 
traditional, technically-focused approach did not. When performance was examined by age 
groups, results for the Junior Academy participants replicated the overall results, but the 
Under-Age Representative participants appeared to benefit more so from the Traditional 
focus, rather than the Constraints-Led approach. 
Whilst the results provide some evidence that a Constraints-Led Approach has greater 
benefits than a Traditional approach in developing spin rate, grouping the data into the two 
coaching groups has the potential to mask individual performance differences (Bouffard, 
1993; Kelso, 1995); thus, participants were also analysed individually. When individual 
results were considered, similar numbers of participants improved in both coaching 
approaches (Constraints-Led: 7; Traditional: 6); however, a greater number of participants in 
the Constraints-Led group (6) showed a large (>0.8) effect size, compared to the Traditional 
group (3). There were also more participants who recorded negative effects from the 
Traditional training intervention (4) than there were in the Constraints-Led group (2).  
A secondary hypothesis for this study was that the Under-Age Representative participants 
would spin the ball harder than the Junior Academy players. The results conclusively support 
this hypothesis, with the UAR group averaging 1684.65 RPM ±381.89 compared to 1033.82 
RPM ±281.16 for the Junior Academy participants, at the Pre-Test stage. This difference is 
also exhibited at the Post-Test stage, with the UAR participants averaging 1900.27 RPM 
±377.80 and the Junior Academy group averaging 1092.44 RPM ±307.71. At both testing 
stages, the UAR group has a significantly higher spin rate than the Junior Academy group. 
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1.0 Effects of the Constraints-Led Approach 
A constraints-led approach posits that the unique interaction of individual, task, and 
environmental constraints means that individuals have their own unique optimal movement 
solutions. For example, a bowler with strong wrists and powerful shoulders may be able to 
generate high spin rates from a ‘walking type’ run-up made famous by Shane Warne, 
whereas a young, physically immature bowler may need to create more momentum from a 
faster run-up. In fact, this highlights the weakness of copying experts as their unique 
characteristics may not be suited to this ‘ideal’ champion movement model. Coaches are 
finding that many young bowlers attempt to copy the style of Shane Warne and this leads to a 
lack of momentum through the crease, and therefore a poor follow-through and 
commensurate lack of spin and pace on the ball. A constraints-led approach can be used to 
teach new skills, through the manipulation of task constraints, which act to guide behaviour. 
By manipulating task constraints, coaches can direct learning towards specific solutions 
whilst still allowing for individual differences. In this study, additional stumps were included 
in the practice environment to direct the participants’ attention to turning the ball “as far as 
possible”, which required the participants to explore information-movement couplings to find 
the movement pattern which allowed for the greatest turn of the ball upon bouncing. This 
manipulated practice environment de-stabilised the participants, and forced them to vary their 
performance in the search of their unique, ideal movement pattern in order to be successful, 
which in this study was defined by how many stump-widths they turned the ball. Whilst the 
effectiveness of a constraints-led approach in the coaching of spin bowlers has not previously 
been investigated, the approach has been studied in other sports, such as tennis (Buszard et 
al., 2014) and cricket (e.g., Renshaw & Fairweather, 2000; Renshaw et al., 2010; Headrick, 
Renshaw, Pinder, & Davids, 2012). Similar to this study, these studies manipulated task 
constraints to facilitate learning by designing a training environment for young tennis players 
focused on the size of the playing equipment and court, and found that a smaller court and 
scaled-down equipment (e.g., smaller racquets and decompressed balls which bounced higher 
and more slowly) resulted in greater hitting opportunities for younger players and longer 
rallies, which led to greater potential for learning and increased enjoyment (Timmerman et 
al., 2014). These studies indicate how manipulated constraints can enhance the learning and 
development of skills, which this current study lends further support to. 
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In this study, the constraints-led approach appeared to be an effective strategy for the 
majority of the participants. Of the 11 participants who undertook the constraints-led 
intervention, seven (64%) improved their performance, with six of these seven (86%) greatly 
improving (ES > 0.8); however, three participants (27%) experienced a decrease in 
performance, with one participant showing a negligible difference in performance. The 
participants who improved may have utilised the self-organisation opportunities which the 
constraints-led approach provided to find a functional, efficient movement solution (Glazier, 
2011). This coaching approach allowed the participants to explore the movement possibilities 
provided by the interacting individual, task, and environmental constraints, in order to find 
the unique solution which was most beneficial to them (Renshaw et al., 2010). The 
participants in this study all had the same objective – to spin the ball harder than they did 
before the interventions, in line with Philpott’s (1995) assertion that bowlers should be able 
to spin the ball as hard as possible before improving other aspects of the skill, such as 
accuracy. There has been no empirical research into the possible ways a bowler can generate 
greater spin; however, several factors which may have contributed to the improvement are 
proposed by the researcher. A bowler may rotate their body more through the delivery action, 
or move the involved body segments – such as the trunk, arm, or wrist– more quickly through 
the delivery action, to create greater spin. They may also alter the speed, length, and angle of 
their run-up, as a faster run-up may create greater momentum, and a more angled run-up may 
allow for greater body rotation during the delivery phase. The time the force is applied to the 
ball may also assist the bowler to spin the ball harder, and this is exploited by “cocking” the 
wrist to allow for this greater impulse (see Figure 8) (Dellor, 1990).  
 
 
Figure 8. "Cocked" wrist position 
During the constraints-led sessions, the participants were seen to vary their performance 
through the adjustment of these components of the skill; however, no kinematic data were 
collected on these variables and further research is required to empirically verify these 
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observations, as they are currently only the subjective observations of the researchers and 
coaches involved within this study. 
1.1 Manipulating control parameters 
A specific task constraint can be considered an example of a control parameter (Araújo et 
al., 2006). As the constraints-led approach utilises the manipulation of task constraints, 
control parameters are an important part of the learning process as they can guide the 
performer towards an effective movement solution. If the learner has established a very stable 
movement pattern, that is, one requiring a large perturbation to disrupt and create instability 
to facilitate the emergence of a new pattern, the manipulation of certain control parameters 
may not be enough to destabilise the system and force the performer to seek a new movement 
pattern (Davids et al., 2008). If the movement pattern is not optimal (for the individual) then 
this highly stable pattern is considered to be dysfunctional in a sport performance setting, as 
this resistance to change hinders the performer’s ability to vary their performance in response 
to the dynamically changing constraints (Araújo & Davids, 2011). Rather, the performer is 
more successful when in a state of metastability (Kelso, 1995). Metastability allows the 
performer to dynamically alter their movements in order to maintain functionality as the 
constraints dynamically change (Bressler & Kelso, 2001), and attempt to exploit these 
constraints to maximise their chances of success (Davids et al., 2008). A performer’s stability 
can correlate to experience and skill level, with inexperienced performers less stable and 
therefore more easily perturbed than more experienced performers (Knight, 2013). This is 
highlighted in the Junior Academy participants, who were considered to be at the Co-
ordinative learning phase (as per Newell’s 1985 model), with five of the seven (71%) 
participants improving in the Constraints-Led approach group (four of whom displayed effect 
sizes greater than 0.8), compared to three of six (50%) in the Traditional group. In contrast, 
only two of the four (50%) Under-Age Representative players in the Constraints-Led group, 
who were considered to be in the Control stage of learning, improved under this coaching 
approach, whilst three of the five (60%) Under-Age Representative participants in the 
Traditional group improved. These findings suggest that players at the Co-ordination stage of 
learning (Newell, 1985) represented shallow attractors which were more open to perturbation 
by manipulated constraints, whilst players at a Control stage (Newell, 1985) were less 
susceptible to perturbations due to their deeper, more stable attractor states. 
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1.2 Negative effects of constraints training 
Despite almost two-thirds of participants improving their performance as a result of 
practicing under a constraints-led approach, as indicated previously, three participants 
showed decrements in spin rate as a result of the constraints-led training. Specifically, one 
Under-Age Representative participant had a small drop in spin rate (-2%), whilst one Junior 
Academy participant and one of the Under-Age Representative participants displayed a 
medium decrease in performance (JA: -3.2%; UAR: -5.1%). One possible explanation for 
these findings may be that the members of the Under-Age Representative group were 
relatively experienced bowlers, and are likely to have had bowling actions that were highly 
stable; that is, a very strong attractor pattern. Movement patterns that are highly stable are 
resistant to change or perturbations (Davids et al., 2008) and consequently, the task 
constraints of the ‘intervention’ failed to perturb the system sufficiently to create a disruption 
to the preferred movement pattern. Alternately, in line with the concept of self-organisation 
under constraints, which underpins the constraints-led approach (e.g., Passos et al., 2013; 
Renshaw et al., 2010), it is possible that these participants could be viewed as still being in an 
exploratory phase and had not found their ideal solution at the time of the Post-Test. 
Participants who are attempting to learn movement patterns will explore a range of 
perception-action couplings as they attempt to identify the best movement pattern for their 
unique characteristics. Participants attempting to create new co-ordination patterns would still 
be in a metastable region and commensurate with this exploration would display high levels 
of variability in one or both of performance and movement patterns (Warren, 2006; Renshaw 
et al., 2009). In this case, however, both participants had relatively low levels of variability in 
terms of their spin rates but no kinematic analysis was undertaken and movement variability 
was not measured. Trial-by-trial movement analysis should be a key part of future work that 
would help address this question.  
Another key consideration when considering these participants, is that learning does not 
occur at the same rate for everyone (Ackerman, 1987), and a longer intervention period could 
allow further exploration, with the possibility that these players may improve when given 
enough time to find their unique, functional movement pattern. This possibility is tentatively 
supported by the observations of the Under-Age Representative participants, who were able 
to complete the planned Phase 2 of the study. The Constraints-Led group showed a further 
improvement in performance in this Phase 2, whilst the Traditional group’s performance 
plateaued. This provisional finding does, of course, highlight the limitations of the current 
study and the need for future work. 
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One factor that is not measured in this study, which could contribute to these participants 
not improving, is their previous experiences with learning and coaching. For example, they 
may not have had the necessary knowledge of the skill to understand which components of 
their individualised bowling actions to manipulate in order to create a functional, successful 
movement pattern. The participants may have also been conditioned by previous coaching to 
not vary performance or try new movement patterns, through the repetitive prescription of 
one “ideal” movement model, in keeping with the traditional methods used in this study 
(Renshaw et al., 2010). Further research is therefore required to investigate this possibility, 
through the formal or informal interviewing of participants to ascertain their previous 
experience and if they have any negative feelings towards experimenting with their bowling 
technique.  
A constraints-led approach to coaching has many potential advantages for both players 
and coaches. This approach allows the player to develop their own unique, effective 
movement pattern in response to the dynamic constraints, which in this study were the 
additional stumps and the objective of turning the ball as many stump-widths as possible. In 
order to find this ideal movement pattern, the learner is required to drive their own 
exploration and vary their performance until they find a movement which provides them with 
a consistent, repeatable solution to the problem with which they are faced. To facilitate this 
exploration, the coach must be less actively involved in the learning process; instead, the 
coach’s input is largely done before the training session has commenced, through the design 
of the session to direct the learners. This hands-off approach to coaching during the session 
means there is less external coaching pressures or negative criticism, allowing the learners to 
explore every possibility without the fear of being yelled at or criticised for “doing the wrong 
thing”. This means that the learner explores more of the perceptual-motor workspace 
(Newell, 1989) and increases the likelihood of individualised and successful performances 
emerging. A constraints-led approach also allows for the movement pattern to be flexible and 
rapidly adaptable, to allow the performer to dynamically adjust to changing constraints to 
maintain success.  
Performers being required to direct their own learning and feedback can also have some 
advantages in terms of learners taking responsibility for their own development and 
potentially becoming more resilient and better problem-solvers in adverse situations. When a 
coach presents the “ideal” solution to the performer, learning is often passive and therefore, 
when the performer requires a solution during competition, they are unable to find one due to 
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the sudden lack of input from the coach (Dyson et al., 2012). However, at present these ideas 
are largely conjecture and there is a need for further investigation. 
The sole task instruction in this coaching group was to “spin the ball as many stump-
widths as possible”. This instruction ensured the participants focused on the outcome of the 
movement, rather than on the internal processes of the skill, and the feedback provided to the 
participants, through the number of stump-widths the ball spun, reinforced this external 
focus. An external focus of attention is in line with the ideas of a constraints-led approach, 
and has been shown to have significant advantages in skill acquisition and development, 
including reducing muscle activation through increased efficiency and coordination (Wulf & 
Lewthwaite, 2010), improved robustness of skills under pressure and fatigue (Wulf, 
McNevin, & Shea, 2001), and improved retention of learning (Land, 2012). Outcome-based 
feedback, which in this study was the instantaneous counting of how many stump-widths the 
ball moved, has been shown to result in greater performance improvements than feedback 
focusing on the processes of the skill (Wulf, McConnel, Gartner, & Schwarz, 2010). Of 
particular importance to the participants in this study is the improved efficiency and 
robustness of the skills learnt through a constraints-led approach. Spin bowlers are often 
asked to bowl continuously for large parts of the day, as a tactical move, to restrict the 
number of runs, or to give other bowlers a rest. As spin bowling is largely sub-maximal 
physiologically (Peterson et al., 2009), enhanced efficiency of movements allows the bowler 
to continue to bowl consistently during these long periods. A greater robustness under stress 
and pressure is also advantageous to a spin bowler, as they are commonly asked to bowl 
during important stages of the match, and are often expected to take several wickets to help 
their team win (Lehmann, in Sharma, 2014, para. 5). 
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1.3 Summary 
The constraints-led intervention manipulated task constraints by giving the participants a 
broad outcome-focused instructional constraint, to encourage the participants to “spin the ball 
as hard as possible”. To provide instantaneous feedback and a visual guide, this instruction 
was operationalised by the inclusion of additional stumps into the practice environment (see 
figure 9) and participants were told to “spin the ball as many stumps as possible.”  
 
 
 
 
 
 
 
 
 
This study has shown that a constraints-led approach is often beneficial to players who are 
at a very early stage in developing the skill of “spinning the ball hard”. This coaching 
approach allows the learner to practice the new movement pattern in its entirety, and become 
familiar with the way in which the involved body components interact during the movement. 
The learner is able to investigate the best possible way they can exploit the constraints to 
produce success (Vereijken, Emmerik, Whiting, & Newell, 1992), and is able to attempt 
different movement options without the fear of negative feedback from an external source 
due to the “incorrect” execution of the skill. Developing skills through a constraints-led 
approach forces the performer to actively learn and create their own movement solutions, 
rather than rely on external sources to provide them with the “answer”, and therefore the 
performer establishes an intimate knowledge of the skill and the possible ways it can be 
adapted to respond to the dynamically changing performance environment whilst maintaining 
success (Renshaw et al., 2009; Renshaw et al., 2010).  
 
----- 
  
Figure 9. Manipulated task constraints in the Constraints-Led Approach practice group 
 62 
Spin it to win it: a comparison of constraints-led versus traditional coaching approaches 62 
Cricket coaches have traditionally used an explicit, technically-focused approach to 
coaching spin bowlers, which involves deconstructing the movement pattern into several sub-
movements and perfecting each sub-group. This study investigated the effects of this 
traditional approach on the development of spin rate in young spin bowlers, and the results 
are discussed below. 
2.0 Effects of the Traditional Approach 
Traditional skill acquisition theories have generally considered the process and outcome of 
movements to be equally important (Newell, 1991). Thus, skill development programs have 
been constructed with an emphasis on the internal processes of the skill (Langan-Fox et al., 
2002), with this practice thought to lead to robust performances through a gradual learning 
process. Models such as the open-loop and closed-loop, based on information-processing 
theory, and schema were developed to explain how skills were learnt, with humans likened to 
computer storage systems who can retrieve information from the Central Nervous System 
(CNS) (Keele, 1968). Movement is said to occur after the CNS has worked through a series 
of cognitive stages, namely Stimulus Identification, Response Selection, and Response 
Programming (Tomporowski, 2003), with no reliance on external feedback. Schema theory 
suggests learners develop better skills through varied practice, as it exposes the learner to 
more situational possibilities occurred in competition (Schmidt, 1982; Carrell & Eisterhold, 
1983), and therefore the learner has a greater resource of past experiences to draw upon when 
selecting the correct movement response. In this way, adults are said to have well-established 
motor patterns, as they have experienced a wide range of situations, when compared to 
children, who are still creating their motor pattern (Schmidt, 1982). In practice, traditional 
methods have focused on the perfection of movements in comparison to an “ideal” model, 
and deconstructing movements into smaller components (Renshaw et al., 2010). Once each 
component has been refined to match the desired model, they are reassembled to create the 
desired, successful movement model (Brydges et al., 2007). Coaches are active during the 
learning process, providing verbal feedback as to how the movement compares to the ideal 
model, as learners commonly fit within Fitts’ (1964) Cognitive stage of learning, which 
requires the learner to be consciously aware of the process. This thesis, however, shows that 
this method of coaching is less effective than a constraints-led approach when developing 
spin rate in inexperienced spin bowlers. 
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Of the participants who practiced under the Traditional coaching method, six (55%) 
showed an improvement in performance, with three of these six (50%) showing a large 
improvement (Med ES: 1.12). In contrast, three (28%) displayed a decrease in performance 
as a result of the training intervention (Med ES: 0.83), with two of these three (66%) showing 
large declines (Med ES: 1.12). One participant displayed a negligible difference in 
performance after the intervention. Not only did fewer participants from the Traditional 
coaching group improve, therefore, when compared to the Constraints-Led group, but the 
same number of participants showed a decrease in performance. This may be due to the 
prescription of an optimal movement model for all participants in the Traditional group, 
which forced the participants to adopt a model which may not have been suitable for their 
unique individual characteristics (Chow et al., 2007). The technical focus on the individual 
components of the skill may have also contributed to the lower performances in several ways, 
which will now be discussed. 
2.1 Task Decomposition 
The technical focus used in this approach employed part-learning to teach the sub-
components of the skill, as prescribed by traditional coaching approaches (Philpott, 1978; 
McMorris, 1998; Australian Cricket Board, 2000). This approach is based on the instructional 
models used to teach complex skills, as it decreases variability and allows for complete 
guidance and feedback from the coach (van Merrienboer, Kester, & Paas, 2006). By breaking 
the skill down into parts and focusing on each one in isolation does not allow the performer 
to form co-ordinative processes between the sub-components (i.e., different body parts) and 
therefore create an effective movement pattern when all the parts are “put back together”. 
This decomposed style of learning largely eliminates the information provided to the 
performer during the development and execution of the skill by the interacting task and 
environmental constraints (Davids et al., 2008), and therefore are less likely to be successful 
in a competitive environment or when all the parts are combined (Handford et al. 1997).  
2.2 Information-Processing Theory 
This method presented the participants with a great deal of explicit information from the 
coach, which may have overloaded their cognitive processing, leading to a break-down of the 
skill (Poolton, Masters, & Maxwell, 2006). This high volume of instructions may have led to 
the performers concentrating more on the processes of the skill, rather than the outcome 
(Masters, 1992), and the constant presentation of the “correct” movement may have led to 
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passive learning, which led to a skill breakdown when the instruction was absent in the Post-
Test (Dyson, Griffin, & Hastie, 2012).  
2.3 Improvements 
Several participants, however, showed performance improvements when coached with a 
traditional method, in contradiction to previous research that shows an explicit, internally-
focused learning strategy leads to poor performance (e.g., Wulf & Lewthwaite, 2010; 
Masters, Poolton, Maxwell, & Raab, 2008). The previous research, however, focused on 
performance during competitive situations rather than in practice, which the current study 
investigated. Whilst the participants in the current study improved, further research is 
required to investigate whether the improvements displayed by participants in both coaching 
groups are transferrable to competitive situations. For these participants it seems that 
technical coaching aimed at developing the optimal model as envisioned by the coach was in 
line with their individual requirements. Here direct, prescribed instructions, and error 
correcting feedback that focused on specific components of the bowling action, resulted in an 
ability to spin the ball harder.  As the overall improvements for individuals who undertook 
the traditional approach were lower (in percentage terms) than the constraints-led approach, it 
suggests that decomposing tasks to focus on specific parts or the movement pattern (e.g., the 
release point or body orientation at the bound position), whilst having a positive effect, is 
somewhat limited, and effectively only allows parameterisation of specific aspects of the 
overall pattern, rather than a complete re-organisation in terms of the holistic co-ordinative 
structure. The findings appear to support the idea that more advanced players can improve 
when using a traditional method, as a performer’s previous experiences allow them greater 
range of motor programs to select from, in line with an Information-Processing Theory. This 
approach, therefore, may have benefits for those players at a Control or Skill stage of 
learning, as it may allow for refinement or parameterisation of specific sub-components as 
required. It is possible that players at these learning stages have sufficient knowledge about 
their movement pattern that they are able to identify which sub-components require this 
refining training; however, further research is required to validate these claims. 
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3.0 Theoretical Implications 
Whilst the results of this study indicate a constraints-led coaching approach can be 
beneficial in improving spin rate, the relatively small participant numbers, and the short 
intervention period, mean these findings cannot be used to assertively support the existing 
literature in this area. The changes seen in individual cases, however, show the potential of a 
constraints-led approach and provide a platform from which further research can build upon 
this study, by establishing a constraints-led approach’s potential efficacy for developing skill 
in cricket spin bowlers. The findings of this study will be now addressed for both a 
constraints-led and traditional coaching approach. 
3.1 Constraints-Led Approach 
This study’s findings provide some limited support for the existing literature regarding the 
efficacy of a constraints-led approach in the development of skills. Previous studies have 
highlighted how this coaching approach allows the learner to self-organise to create their own 
unique movement pattern that successfully responds to the interacting individual, 
environmental, and task constraints (Renshaw et al., 2010), and the findings presented in this 
study follow the existing literature’s findings. The study manipulated task constraints in order 
to create a learning environment which directed the learners’ attention to the desired 
outcome, and the results suggest this could be an effective method to develop spin rate in spin 
bowlers. The learners were required to direct their own learning as a result of the “hands-off” 
role of the coach, and this active learning may have contributed to their performance 
improvements. 
3.2 Traditional Approach 
The findings appear to support the previous research which suggests that a traditionally-
used method is not always an appropriate coaching approach for learners at a coordination 
level. The explicit prescription of an “ideal” movement model appeared to be inappropriate 
for the majority of the participants at a coordination skill level, suggesting these players had 
individual characteristics which were not best utilised by this ideal model. These participants 
may have been learning passively due to the provision of the correct solution by the coach 
and this may have contributed to their lack of learning and improvement. Therefore, the 
findings of this research suggest this coaching approach is not as successful in the 
development of spin rate in bowlers at a coordination skill level. 
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Despite the findings of this study appearing to support the use of a constraints-led approach 
over a traditional approach, it also provides evidence that a traditional approach may benefit 
players who are at an advanced skill level. In the Under-Age Representative participants, the 
traditional group had improved performances after the intervention, whilst the less-advanced 
Junior Academy group showed no changes in performance, suggesting that this approach 
may benefit players with an established movement pattern. The focus on the perfection of 
individual components of the skill may benefit these players by allowing them to refine their 
movement pattern; however, this claim is currently only presented in this study, and therefore 
further research is required to investigate this possibility.  
 
4.0 Practical Implications 
4.1 Coaching in Cricket 
The results of this study have limited theoretical implications due to the small sample size 
used and short intervention timeframe; however, the sample size and timeframe are 
representative of those commonly encountered in a practical coaching scenario, and therefore 
the results have some important implications for cricket coaches and practitioners. 
Specifically, this research provides some important pointers which should be considered 
when designing and implementing training programs for cricket spin bowlers. The findings 
appear to support the use of a constraints-led approach in the development of the goal of 
spinning the ball as hard as possible, an important skill in spin bowling. Implementing a 
constraints-led coaching approach in a real-world situation is most easily done through the 
manipulation of task constraints, and this research has provided evidence that this 
manipulation can potentially lead to improved learning benefits and skill development. The 
coach becomes responsible for designing training sessions which direct the player’s learning, 
through the manipulation of constraints and assisting the players to develop awareness (i.e., 
knowledge “of’ their environments) (Araújo & Davids, 2009), and therefore the coach’s role 
becomes more “hands-off” once the teaching session has begun. Drawing on Ecological 
Psychology principles, the performer needs to be aware of their environment and the 
individual-environment mutuality which exists and influences the success of an action. 
Therefore, because the coach cannot “feel” what the players “feel”, the coach’s job is to 
direct the performer’s global search for a functional, successful movement solution (Davids 
et al., 2008). As the performer assembles a co-ordinative structure to achieve the task goals 
(Tuller, Turvey & Fitch, 1982), with all body parts contributing to the task, directing the 
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search to just one body component, which traditional feedback methods tend to do, is 
unlikely to help the player create a functional movement pattern. A global search, therefore, 
is imperative to the player’s learning of match-appropriate skills. 
4.2 Coaching using Non-Linear Pedagogy 
Two of the most crucial components of the constraints-led approach are the skills and 
knowledge of the coach, and specifically the coach’s ability to identify and then 
systematically manipulate the appropriate control parameter to effectively perturb the system 
(i.e., the individual) (Handford et al., 1997). As highlighted in the literature review, the 
coach’s role in a constraints-led approach is largely “hands-off” in terms of explicit 
instruction (Renshaw et al., 2009), and instead the coach influences learning through the 
manipulation of task constraints (Chow et al., 2007). If the task constraints are manipulated, 
however, in such a way as to be ineffective in the guiding process, learning may not occur 
due to the performer not being able to discover an appropriate, unique solution. Therefore, 
the creation of a learning environment may not be sufficient to facilitate learning, and may 
require some verbal coaching input to direct the learner’s search. Continued explicit 
instruction by the coach may condition the performer to passively learn and rely on the 
temporary solution provided by the coach (Davids et al., 2013), whereas the minimalistic 
approach used in the constraints-led approach forces the learner to actively self-organise and 
form effective movement patterns (Handford et al., 1997). If the coach lacks the necessary 
knowledge of the task, however, and/or cannot identify the most relevant constraints to adapt 
to direct learning, the learning process and objective/s can become unclear to the performer 
and the intended learning may not occur (Newell & Valvalo, 1998). In this study, whilst the 
adapted control parameter was an effective learning guide for nearly two-thirds of the 
participants, it is possible that the constraints were inappropriate for those who did not 
improve. This highlights the uniqueness of each individual and their learning processes, and 
emphasises that manipulating the constraints in the same way for all performers may be 
detrimental to learning (Lee et al., 2014). Given the limited time available for practice in 
sport, however, the practicality of an environment modified for each individual within a team 
is difficult, but is essential to ensure the skill acquisition needs of every performer are met. 
An example of a training session which is designed for each individual is provided by Chow 
et al (2014). Here, the creation of smaller groups or 1v1 dyads was proposed to facilitate 
more opportunities to practice and experiment with different movement strategies. In a 
cricket context, these smaller groups or dyads could bring together players who require 
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practice in specific situations, such as bowling to left-handed or right-handed batters, or 
batters who are strong against full or short-pitched deliveries. In turn, the batters may require 
practice against wrist or finger spinners. These smaller groups also allow for the task 
constraints to be altered; for example, a group of younger players could use scaled-down 
equipment and/or a shorter pitch length. The use of scaled equipment has previously been 
shown to be effective in the skill development of young tennis players by allowing for longer 
rallies and more hits, therefore increasing the learning opportunities available to the 
participants (Farrow & Reid, 2010); in cricket, this could be adapted to reduce the size of the 
ball to allow for younger bowlers to grip it more easily, and shorten the pitch lengths. 
Currently, the majority of cricket matches are played on the same sized pitch, regardless of 
age, which may require maximum effort from a young bowler just to get the ball to the other 
end, at the expense of spinning the ball hard. A shorter pitch reduces this factor, and may 
allow the bowler to focus more on spinning the ball as hard as possible. Manipulated 
constraints, such as reduced time and/or space, changing the roles of the players within each 
group, and/or swapping players between groups, can then be introduced to further disrupt 
each learner’s stability and therefore increase the repertoire of their skills. This teaching 
approach also requires little or no demonstration by the coach or practitioner, and therefore 
allows the performers to direct their own learning and feedback. While this example is within 
the physical education environment, the ideas are appropriate to sports coaching 
environments and need to be carefully considered by practitioners. 
One strategy, in line with using a constraints-led approach to design spin bowling training 
programmes, would be differential learning (Scholhorn, 2012). Differential learning is a 
concept in which participants are given the opportunity to form their own, individual 
movement pattern (Frank et al., 2007), and this approach to learning has been shown to be 
beneficial as it perturbs the learner and leads them towards new, more functional movement 
patterns (Schollhorn et al., 2012). Cricket, whilst being a team sport, is inherently 
individualistic, as the key interaction between opponents occurs between batter and bowler 
(similar to a 1v1 dyad discussed earlier. This, therefore, renders most of the team-centred 
principles of differential learning ineffective for cricket, so cricket coaches must look towards 
other individual sports, such as track and field, to understand how differential learning can be 
utilised in the development of cricketing skills. In a study on hurdlers, Schollhorn and 
colleagues (2010) found that a differential learning protocol improved the hurdlers’ sprint 
performance significantly more than a traditional-used approach, as this method of training 
allows the learner to vary their performance to optimise their movements.  Whilst differential 
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learning primarily consists of varied practice (Wagner & Muller, 2008), the key concept 
within this form of teaching, of allowing each individual learner to discover the best possible 
movement pattern, is mirrored in a constraints-led approach.  
5.0 Limitations 
Although this study was able to derive significant findings, it was limited through several 
factors. Spin bowling is a highly complex skill and is difficult to master, and as such, many 
young cricketers give up pursuing this skill to focus on other, more immediately rewarding 
skills. It is also uncommon for more than one spinner to be included in one team, and 
therefore cricketers see other skills, like batting or fast bowling, as providing more selection 
opportunities due to the multiple numbers of each in a team. As such, in any group of 
cricketers, the number of spin bowlers will always be limited, and this was the case for this 
study. The number of spinners who participated in this research was as high as possible, and 
yet the study still had only 22 participants, which, once the participants were separated by 
spin type and coaching group, produced very small sample sizes to analyse. That the study 
was conducted in two countries with two different groups of participants, and still had a low 
sample size, further illustrates the sparsity of cricket spin bowlers.  
As the study was conducted in two different countries, funding was also a limitation. The 
study would have benefited from a longer training intervention, and the inclusion of a Phase 2 
for the junior academy participants, however this was simply not feasible given the financial 
constraints of the study. The length of the intervention was typical of a cricket pre-season; 
however, this study has shown that, whilst most participants improved, a longer period of 
learning, particularly for younger/less advanced players, may be necessary to elicit significant 
development and stable performances. 
The study, whilst conducted in a typical training environment (which would often include 
bowling without the presence of batters), was not entirely representative of a competitive 
scenario; batters were absent from the training intervention, and the additional stumps are not 
encountered in a match. These differences were deemed necessary for the study to be 
effective, as it allowed the bowlers to focus solely on the objective of spinning the ball hard 
and minimised the possibility of the measuring equipment being damaged. The presence of a 
batter could have potentially disrupted the bowlers in several ways. For example, the 
presence of a batter may have obscured the manipulated task constraints, or the batter may 
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have moved around the crease and tried to disrupt the bowler, as one might do in a 
competitive scenario. It is also possible the batter’s presence could have compelled the 
bowlers to bowl differently, in an attempt to not detract from the batter’s practice and “waste 
their (the batters’) time”, rather than focus on their own performance in an attempt to spin the 
ball harder. Ultimately, whilst the absence of a batter in this study allowed for a narrower 
focus on the objective, it is acknowledged that it does detract from the representativeness of 
the environment, and therefore further research is necessary is required to determine whether 
the performance improvements measured in this study can be transferred to an environment 
with batters and without the additional stumps. 
5.1 Participants 
In line with the benchmarks established by Spratford (2014), two thirds of the participants 
in this study recorded Pre-Test scores in excess of the Emerging guideline, with one score 
higher than the Elite level. Whilst this is to be expected of players who are representing their 
state at an under-age level, it also highlights how this study incorporated a skill normally 
encountered at a co-ordination level. The Under-Age Representative players who showed 
negligible or negative effects from the training intervention all recorded Pre-Test scores 
which were in excess of the Emerging level set by Spratford (2014), highlighting how this 
study may have been inappropriate for these more advanced players. Those participants who 
were already at an Emerging level may have found an intervention which focused on a more 
advanced component more beneficial, such as bowling on different pitches with varying 
levels of response to spin.  
5.2 Methodological Issues 
The traditional method of assessing a spin bowler’s ability has been through observation. 
Specifically, the degree to which the ball changes direction after bouncing has been the 
criteria by which bowlers have been measured (Beach, Ferdinands, & Sinclair, 2012; Warne, 
2013). This approach has been problematic, however, as several task and environmental 
constraints can affect the degree of turn even when the spin rate is the same. For example, if 
the pitch is hard, the ball is less likely to grip and turn, whereas if the pitch is softer, the ball 
is more likely to grip better and turn further. This potential to grip the pitch is also linked to 
the prominence of the seam on the ball – if the ball is newer, the seam will be more 
pronounced and more likely to grip the pitch, but if the ball is old and worn the seam will be 
less defined and therefore have less influence on the turn of the ball off the pitch. The seam’s 
prominence is not a factor, however, unless the ball bounces on the seam, and therefore the 
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axis upon which the ball is spinning affects the degree of turn off the pitch – as an 
exaggerated example, if the ball is spinning horizontally, the spin will not affect the ball’s 
trajectory at all and therefore it will not turn. Linked to this is the bowler’s ability to bowl 
variations of deliveries, such as a top-spinner or slider. These deliveries utilise the spin on the 
ball in different ways, but do not spin sideways; rather, the spin on the ball affects the 
bounce, either making the ball bounce higher or lower, respectively. These factors highlight 
the need for an objective measurement tool for the observation of spin rate for cricket spin 
bowlers. 
A secondary aim of this study was to investigate whether the improvements made in a 
bowler’s spin rate could be maintained when the focus shifted to accuracy. This was not 
possible, however, as the measuring equipment employed in the study was unreliable for 
accuracy measurements (i.e., landing position), and therefore this aim had to be abandoned. 
5.3 Capturing expertise 
Successful spin bowling requires the ability to spin the ball hard while being accurate and 
consistent, and at the same time be adaptable to different match situations. As has been 
previously highlighted, the first stage of becoming a good spin bowler is learning to “spin the 
ball hard” (Warne, 2013), and as such, this should be developed first before the other sub-
components; this was the aim of this study. Essentially, the focus was on developing the 
coordination pattern to achieve this goal (Newell, 1986). Once this goal has been achieved, 
the bowler moves on to developing accuracy. This was the second aim of this study; 
however, as previously highlighted, this was not possible, and is acknowledged as a 
limitation of this study. The skill which this study investigated, “spinning the ball as hard as 
possible”, can be classified as a coordination skill. As such, it is possible that the objective of 
the task employed in this study, and the manipulation of the constraints, was more beneficial 
to those participants still in the coordination stage of learning, such as the Junior Academy 
participants. The task may have failed to meet the requirements of the participants at a control 
skill level, such as the Under-Age Representative participants, and therefore these 
participants may not have benefited from this study’s intervention. This study is thus limited 
by the use of a coordination-only task, which may have failed to truly capture expertise, and 
therefore a participant’s ability to improve in response to the constraints may have been 
affected. Performers at a control stage already have a stable and reliable movement pattern, 
and are ready to learn how to vary this pattern to achieve success in different environments. 
In a cricketing example, the bowler needs to vary the amount of spin and/or the angle of the 
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spin, to respond to a pitch which is facilitating greater or lesser turn than expected. Once the 
performer has established an advanced repertoire of movement variations, they are said to 
move into the skill stage, and can then use these variations to exploit the varied 
environmental constraints to achieve success. Future studies using a constraints-led approach 
to develop cricket skills need to consider whether the participants are at differing skill stages 
and design appropriate interventions which allow for each individual to succeed. Examples 
are provided in the following Chapter. 
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CHAPTER 6: CONCLUSIONS 
1.0 Future Work 
Whilst this research has produced significant findings to support the existing research into 
a constraints-led approach, further research is needed to build on this initial study to provide 
additional strength to these findings, and validate the use of a constraints-led approach in the 
development of spin bowlers. 
Of those participants who practiced under the constraints-led approach, several had a 
decreased performance following the intervention. Rather than defining these decreases as a 
loss of ability, however, an Ecological Dynamics approach suggests that these participants 
were still exploring and had not yet found an appropriate, successful movement pattern at the 
time of the Post-Test. Therefore, measuring the spin rate of every ball each participant bowls 
during the training intervention may highlight whether these participants are still learning and 
exploring, or whether their performance has decreased. This could be determined by 
examining the variability between deliveries in each session and whether a consistent 
variability has been achieved, as a high variability would suggest the bowler is exploring 
whilst a low variability would suggest the movement is more stable and the bowler isn’t 
exploring. 
Attempts to study learning in real-world environments mean it is very difficult to control 
for all variables in the environment with commensurate threats to validity and reliability.  
This does not mean that future work should not be attempted; rather that careful thought 
needs to go into the design of such studies. In particular, greater sample sizes could provide 
more definitive and robust conclusions to be formed as to the efficacy of a constraints-led 
approach to coaching cricket spin bowlers. Whilst the training program was designed to 
match the length of a typical cricket pre-season, a longer intervention period may produce 
different findings, with some groups appearing to approach significance at the conclusion of 
the intervention. Having a retention test for both groups would allow the results to illustrate 
the long-term effects of the training interventions. Whilst this study has shown that spin rate 
can be improved through a constraints-led approach, it would be beneficial to examine 
whether this approach can also benefit other aspects associated with spin development, for 
example consistency of landing position and ball-flight trajectory. It would also be 
advantageous to cricket coaches to know the axis upon which the ball is spinning. A ball 
which is spun hard but on the wrong axis is less desirable than a ball which spun more softly 
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but on the correct axis, as maximum turn is only achieved by spinning the ball on the correct 
axis.  
This study attempted to investigate the efficacy of a constraints-led intervention during a 
spin bowler’s pre-season training program. This meant the research was conducted in practice 
nets and without a batter present, and it would therefore be advantageous if future work was 
able to ascertain whether the improvements observed in this study can be transferred to 
competitive match situations.  
As mentioned in Section 5.0 of Chapter 5, a limitation of the current study was the lack of 
an intervention which truly captured expertise, as it was inappropriate to spin bowlers who 
were across the three stages of learning. Future studies which investigate the efficacy of a 
constraints-led approach in the development of sporting skills must consider the stage of 
learning at which each participant is at and design interventions which challenge each 
participant appropriately. For example, this study investigated a sub-component of spin 
bowling – spin rate – which may be developed while the learner is in the coordination stage 
of learning, and therefore more advanced participants were unable to vary their performance 
to “relearn” this sub-component. To study the development of skill, therefore, future studies 
should either focus exclusively on participants of a similar skill level, or design interventions 
which accommodate the skill levels of each participant and provide equal opportunities to 
develop the skill in focus, regardless of skill level (Davids et al, 2008). An example of this, to 
extend the current study, could be to evaluate each participant’s current spin rate through 
objective measurements, such as RPM, and assess the levels of variability between deliveries 
to determine whether they are at a co-ordination, control, or skill stage. 
This study did not dissimilate the two types of spinners (finger and wrist), and future 
studies may wish to analyse the effects of a constraints-led approach on each spin type, to 
uncover whether a certain spin type is more responsive to a certain training method. It is 
hypothesised here that a constraints-led approach may be more beneficial for wrist spinners, 
as the skill is comprised of the combination of a number of gross movements, and a 
constraints-led approach may allow for the individual to coordinate these movements more 
effectively than a traditional model. In contrast, a traditional, component-focused coaching 
approach may be more effective for finger spinners, as this delivery method requires fine 
motor control and the refinement of these fine movements may enhance the bowler’s spin 
rate. 
This study has proposed that several participants did not improve with the constraints-led 
approach due to a possible lack of knowledge or predisposition to vary their performance in 
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order to achieve success. To observe whether this assumption is correct, further research 
could ask the bowler to define how they varied their movement after each delivery, and 
prompt them to assess what was different when they bowled a delivery which greatly spun, to 
when they bowled a delivery which did not spin hard. Another way to promote this self-
assessment and direct learning could be to ask the bowler to score each delivery on a scale of 
1-10, and link this score to the way they varied their movement. In this way, the coach is 
directing active reflection of the movement, which may allow for more active learning and a 
greater understanding of the skill, whilst highlighting the player’s current awareness, which 
the coach can then use to further individualise the practice session to best suit the learner. 
2.0 Conclusions 
Through this study, the skill of cricket spin bowling has been observed from an Ecological 
Dynamics viewpoint, incorporating concepts from Ecological Psychology and Dynamical 
Systems Theory to highlight the theoretical background which forms the basis of a 
constraints-led approach to coaching. This approach was compared to a method traditionally 
used in cricket, which focuses on the perfection of technique according to a prescribed ideal, 
in order to determine whether one approach was more beneficial to developing skill in 
cricket. Whilst the constraints-led coaching approach has previously been applied to sports 
such as tennis and cricket, no study has used spin bowling to demonstrate the efficacy of such 
a coaching approach to skill development. The results of this research indicate that a 
constraints-led approach may be effective in the development of a spin bowler’s ability to 
spin the ball hard - which has been shown to be a key aspect of the spin bowling skill - and in 
particular, improve those players who are still learning the skill. The study also indicates that 
this constraints-led approach may not be the most effective method with which to coach more 
advanced spin bowlers, and suggests perhaps a traditional, technically-based program may be 
more effective in the coaching of these players. This project provides some support for the 
theoretically-driven research already completed on the efficacy of constraints-led coaching, 
and begins to fill the gap in the literature which concerns the use of a constraints-led coaching 
approach in cricket, providing coaches with an evidence-based rationale for the 
implementation of this approach.  
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APPENDICES 
Appendix A: Trackman Reliability 
Table 5. Trackman reliability 
 
Release 
Height (m) 
Revs 
(revs/s) 
Pace 
(km/h) 
Ball Bounce 
(X) (m) 
Ball Bounce 
(Y) (m) 
Typical Error 0.05 0.29 0.36 0.26 0.04 
Change in Mean 0.03 -0.64 -0.71 -0.19 0.00 
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Appendix B: Ethical Clearance 
Project Title: Improving cricket spin bowlers' performance 
Ethics Category: Human - Low Risk 
Approval Number: 1300000450 
Approved Until: 18/07/2016 (subject to receipt of satisfactory progress reports) 
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Appendix C 
Table 6. Individual Junior Academy Participants 
Player Skill Level 
Coaching 
Group 
Spin 
Type 
Pre-Test 
(RPM) 
Post-Test 
(RPM) 
Effect Size 
Percentage 
Change  
1 
Junior 
Academy 
Constraints-
Led 
Finger 
758.17 ± 
73.37 
785.08 ± 
100.90 
0.31 * 3.55 
2 
Junior 
Academy 
Constraints-
Led 
Finger 
630.17 ± 
57.98 
698.50 ± 
62.54 
1.13 *** 10.84 
3 
Junior 
Academy 
Constraints-
Led 
Finger 
1216.00 ± 
69.95 
1176.75 ± 
68.27 
-0.57 ** -3.23 
4 
Junior 
Academy 
Constraints-
Led 
Wrist 
1210.42 ± 
103.55 
1230.42 ± 
119.82 
0.179 1.65 
5 
Junior 
Academy 
Constraints-
Led 
Wrist 
1057.08 ± 
157.35 
1269.75 ± 
164.46 
1.32 *** 20.12 
6 
Junior 
Academy 
Constraints-
Led 
Wrist 
1351.25 ± 
104.08 
1540.67 ± 
152.77 
1.48 *** 14.01 
7 
Junior 
Academy 
Constraints-
Led 
Wrist 
1214.58 ± 
102.21 
1454.92 ± 
103.42 
2.34 *** 19.79 
8 
Junior 
Academy 
Traditional Finger 
984.58 ± 
132.63 
1063.33 ± 
102.41 
0.67 ** 8.00 
9 
Junior 
Academy 
Traditional Finger 
1017.08 ± 
93.56 
972.92 ± 
51.70 
-0.61 ** -4.34 
10 
Junior 
Academy 
Traditional Finger 
668.75 ± 
75.11 
748.42 ± 
67.28 
1.12 *** 11.91 
11 
Junior 
Academy 
Traditional Wrist 
648.00 ± 
79.87 
661.25 ± 
55.37 
0.20 2.05 
12 
Junior 
Academy 
Traditional Wrist 
1320.67 ± 
102.92 
1250.75 ± 
65.15 
-0.83 *** -5.29 
13 
Junior 
Academy 
Traditional Wrist 
1349.25 ± 
82.56 
1397.58 ± 
69.95 
0.63 ** 3.58 
* =  0.2 < ES < 0.5 ; ** = 0.5 < ES < 0.8 ; *** =  0.8 < ES 
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Appendix D 
Table 7. Individual Under-Age Representative Participants 
Participant 
Age 
Group 
Coaching 
Group 
Spin 
Type 
Pre-Test 
(RPM) 
Post-Test 
(RPM) 
Effect 
Size 
Percentage 
Change 
14 UAR 
Constraints-
Led 
Finger 
1625.67 
± 182.81 
1542.08 
± 128.75 
-0.54 ** -5.14 
15 UAR 
Constraints-
Led 
Finger 
1467.17 
± 77.61 
1571.83 
± 147.99 
0.93 *** 7.13 
16 UAR 
Constraints-
Led 
Finger 
1675.58 
± 100.64 
1641.75 
± 55.77 
-0.43 * -2.02 
17 UAR 
Constraints-
Led 
Wrist 
2130.67 
± 122.03 
2519.25 
± 161.96 
2.74 *** 18.24 
18 UAR Traditional Finger 
1247.67 
± 44.87 
1552.17 
± 286.78 
1.84 *** 24.41 
19 UAR Traditional Finger 
1722.58 
± 141.85 
1827.75 
± 114.65 
0.82 *** 6.11 
20 UAR Traditional Wrist 
2455.83 
± 71.22 
2229.67 
± 249.62 
-1.41 *** -9.21 
21 UAR Traditional Wrist 
2106.33 
± 239.27 
2116.5 ± 
333.07 
-0.04 -0.48 
22 UAR Traditional Wrist 
2029.67 
± 137.43 
2182.92 
± 249.12 
0.79 ** 7.55 
* =  0.2 < ES < 0.5 ; ** = 0.5 < ES < 0.8 ; *** =  0.8 < ES 
 
 
 
 
 
 
 
 
 
 
 
